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ABSTRACT

Both the Federal Transit Admnistration (FTA) and California's
Department of Transportation (Caltrans) have established Advanced
Public Transportation Systems (APTS) progranms to investigate ways
that Intelligent Vehicle-H ghway Systens fIVHS) t echnol ogies (i.e.
computers, telecomunications and other el ectronics dev;ces? can be
used to inprovethe cost-effectiveness of |ocal and regional public
transportation services.

This report describes how audi otex and videotex information systems
can -be used to devel op new nodes of(PubI|c transportation (e.g.
parataxis or single-trip carpools) and how these new nodes can be
Integrated with conventional transit, paratransit and ridesharing
modes to reduce traffic congestion, gasoline consunption, air
pollution and mobility problens at a |ow cost to taxpayers.

This report also describes how these tel ephone-based information
services can be used to develop |ow cost, user-friendly Advanced
Travel er Information Systens (ATIS) that will tell drivers and
riders the "best" ways to get between any two points in an area via
either private vehicle or public transportation. The proposed
California Smart Traveler (CST) Systemw |l enable travelers to
obtain nore tinely and accurate information on which to base their
| ocal or regional travel decisions.
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EXECUTI VE  SUMVARY

This is the final progress report of a four-person nonth study to
evaluate sites in California for testing audiotex/videotex-based
Advanced Traveler Information Systens (KHS} and Advanced Public
Transportation Systens (APTS?.conqepts. here are three major
reasons for developing the California Smart Travel er (CST) System

1. Todevel op new types of public transportation services,
particularly ones that are well suited to |owdensity suburban
and rural areas, such as single-trip carpools (aka parataxis).

2. To integrate these new services with conventional transit,
paratransit and ridesharing nodes, in order to inprove the
cost-effectiveness of local and regional publictransportation
syst ens.

3. To provide drivers and riders with nmore tinely and accurate
i nformati on on which to base |ocal and regional travel
deci sions.

CST is designed to be user-friendly. By pressing one or two
buttons on a touch-tone tel ephone ﬁ[.e. audiotex) or on a conputer
termnal connected to a tel ephone line (i.e. videotex), a traveler
w il soon be able to find the best ways to get between two points
by public transportation or by driving. alysis of available
mar ket research data indicates that systems |ike CST can reduce
traffic congestion, gasoline consunption, air pollution and
mobi lity problems at a |ow cost to taxpayers.

The following is a brief description of the five sites reconmended
by Aegis Transportation Information Systens Inc. (Aegis) to
Caltrans and FTA for possible operational testing of parataxi
services and other Advanced Traveler Information Systens (ATlS)
concepts in traffic congestion or air quality problem areas of
California. These recommendations were made after data collection,
analysis, and discussions with local and regional business,
governnment and conmunity |eaders:

L. Tri-Valley - This |owdensity suburban area in San Francisco's
East Bay 1ncludes the communities of San Ranon, Pl easanton
Dublin and Livernore. The Tri-Valley -area contains the
intersection of 1-580 and 1-680, which are both experiencing
%rpmnnq traffic congestion problens. Mjor enployers in the

ri-Valley area include UC Lawence Livernore Laboratory,
Sandia Corporation, Chevron USA, Pacific Bell and AT&T. O her
| mportant enployers in the area include EGG and US West's

Public Safety Goup,.which designs and develops 9-1-1 systens.
Because of_{a%'the hi gh-tech Dbackgrounds of the enpl oyee base
and the high density of personal conputers, t he

I nnovativeness of |ocal governments (e.g. Pleasanton and San
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Ramon were anmong the first communities in the U S. to adopt
traffic mtigation ordinances), and (c) the |ack of good
suburb-to-suburb transportation services, the Tri-Valley area
woul d be an excellent test site for audiotex-based and/or
vi deot ex- based parataxi  services involving up to 20,000
enpl oyees and their famlies.

UCLA/ West wood - This high-density suburban area lies within
the city limts of Los Angeles, near the intersection of the
San Diego Freeway, (I1-405) and the Santa Monica Freeway'
(nghmay 10) . Both of these freeways and the neighboring
arterials have major traffic congestion problens. |n fact

t he C)tg of Los Angeles has linited the growth of UCLA until
Vestwood's traffic congestion problens can be reduced.
Because of the high ownership of personal conputers (Pcs) by
UCLA'S faculty, staff and student body, this area would be an
excellent test site for operational tests of "smart" buses,
m ni - buses vans and taxis _and audidtex/vi deotex- based
Advanced Traveler Information System (AN'S) concepts involving
up to 30,000 | ocal residents, enployees and students.

BbEth Gty ¥NB - This rapidly-grow ng, .nedimndenaty,

subur ban enpl oynent and residential area in San Diego 1s
bounded by H ghway 52 to the South, the Pacific Ccean to the
West, Del Mar Heights Road'to the North and Camno Santa Fe to

the East. Maj or enployers include SAIC, UC San Di ego,
University Town Centre, Scripps Menorial Hospital and First
Capital Life Insurance. These and ot her enpl oyers have

established the North City Transportation agenent
Associ ation (TM), Whlch.pr%V|des c%llect|velyww1ﬁ%nced
products and services designed to nmeet the needs of over
40, 000 enpl oyees in the area. Because of (a) this hard-
working and imaginative TMA, E)b? the I'ack of good prnc
transportation for suburb-to-subufb travel, and %c? a large
retirement community in LaJolla, the North City area could
provide several groups of 5,000-10,000 people to test
audi ot ex/ vi deot ex- based parataxi services for Dboth commuter
and E&H transportation services. Regul ati on rmﬁtype
ordi nances are also in the process of being. inplenented
t hroughout San Diego, which will provide incentives for
enpl oyer participation in operation tests of innovative
concept s.

Roseville - This ragidly growi ng residential and enpl oynent
center 1s located 20 niles northeast of Sacranento on [-SO

Major  enployers include Hewl ett Packard (HP), Southern
Pacific, Roseville Community Hospital, NEC Electronics and
Rosevil|e Tel ephone. The City of Roseville currently has a
popul ation of 42,000. However, this is expected to nore than
double within the next 20 years. If HP or the Sacranento Bee
(whi ch provides general - purpose audi otex services throughout
the Sacramento netropolitan area) becone interested in CST or
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other I'VHS prograns, Roseville would be an excellent site to
test audi otex/vi deot ex-based strategies for dealing with
travel between the suburbs and the central city (i.e
Sacramento) as well as intra-suburb travel. A TMA was
established in Roseville in 1990-1991 and traffic mtigation
ordi nances are now being inplemented. Roseville also has a
snal | b%s fl eet which could economcally be converted to .
"smart" buses.

B. Sim Vallev - This commnity is |ocated 40 mles northwest of
Los Angeles in Southeast Ventura County and is adjacent to the
Western perineter of the San Fernando Valley. It currentl
has a popul ation of approximately 100,000 and has a smal
fixed-route mnibus systemand a dial-a-ride system Mjor
enpl oyers include the Sim Valley Unified School District,
Farmers Insurance, FirstInterstate Bancard, Sim Valley
Adventist Hospital, Mcom Systens, \Wiittaker Electronic
Systens and Vanbol d Furniture. Sim Valley also has an
ext ensive vanpool programto transport residents to the San
Fernando Valley and to Los Angeles.' A TMA was organized in
1990. Because of both its isolation and growmng traffic
congestion problens on H ghway 118, Sim Valley would be an
excellent site to test the capabilities of an audi otex/
vi deot ex- based ATIS to integrate transit, paratransit and
ridesharing services in a mediumsized urbanized area.

California has many other urban, suburban and rural comunities
that woul d be excell'ent sites for operational test|ng of, CST, AllS,
ARTS, tand other Intelligent Vehicle-H ghway Systens (I VHS)
concepts.

Transportation researchers have pointed out for years that many of
Amrerica's transportation problems and transportation-rel ated energ
and environnental problenms are not caused by a shortage o
resources. Anmerica has enough buses, vans and autonobiles to carry
everﬁone in the country at the same time using only the front seats
of the autonobiles. W also have enough road space for all of them
to travel at the same tinme with little or no traffic congestion
Qur problemis that we are not using this capacity very well.
Recent devel opments in conputers, teleconmmunications and | VHS
concepts offer great promse in providing new tools to manage our
tﬁanﬁportatlon resources in a nuch nore cost-effective manner in
the -future.

The follow ng sections discuss each of the ten tasks involved in
the analysis of\single-trip carpool (aka parataxi) services, the
Qrelln1nary desi gn of an audi ot ex/vi deotex-based California Smart

ravel er (CST) System and the Prel|n1nary eval uation of possible
sites for operational testing of CST systens.



Task 1 - Develop A Mbdel for Estimating the Supply of Parataxi
Ve eak ours

A U S. Departnent of Energy (USDCE) report, "Vanpool Options and
Energy Savings Potential** (), contains the followmng results of a

survey of commuter drivers to determne how their interest in
provi di ng carpool /vanpool rides would increase with increased

mont hly conpensation [levels.

Table 1

Addi tional Income As An Incentive For Adding R desharing Drivers

Addi tional Incone----- -Percent of Drivers-

r Month Per M1le |Interested in Adding Riders
($1978) ($1991)1 ($1991)2 MGL@SIEQ gnm;sgi’
0 0 0 123 35%
$25 $51 12 252 49%
$50 $102 .23 352 61%

It is assuned that the suPpIy of parataxi (i.e., single-tri
carpool) drivers would be at |east as high as conventional vanpoo
drivers for each conpensation |evel because parataxi services are
| ess restrictive for drivers. For exanple,a single-trip carpool
driver can choose to leave at any time or can choose not to offer
Parat axi services at any tine on any day. It should be understood
hat only carefully-screened riders will be allowed to take
parataxi rides and only carefully-screened drivers will be allowed
to offer parataxi rides, The data in Table 3, which are plotted in
Figure 1, show that driver interest in providing rides increases
linearly with income or "fares" per mle. This linear relationship
(model ) can be described by the foll owi ng equati ons:

1 This colum was derived fromthe USDCE data, based on a G\P
Defl ator of 2.03 between 1978 dollars and 1991 dollars.

2This colum was derived fromthe nonthly data, based on an
average hof 11 mles per one-way conmmute trip, 20 workdays
per month,

Slnterested equals sumof "very interested" plus "sonewhat
Interested"in the USDOE survey.
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Percent of Drivers] | ncome (Fare)
Equation | Very Interested in = 110 x Per Mle + 12

Providing Rides _ ($1991)

Percent of Drivers Income (Fare)
Equation I Interested in = 115 x Per Mile  + 35

Provi di ng Ri des ($1991)

The first equation (1A represents the nost conservative (i.e.
wor st case) estimates for the supply of vanpool/parataxi drivers

FPIGURE 1

'_m'smnmmm
SY TARE PER NILE (1991 DOLLARS)

Per cent
Interested

s BT 1 a0 s 30 as 40

Fare ia cemts per mile

and the second equation (182 represents the nost optimstic (i.e.
best case) estimates for the supply of vanpool/parataxi drivers
based on several conpensation |evels.
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Task 2 - Develop A Model for Estimating the Demand for Parat axi
Services During Peak Commuiing Hours

The state of Hawaii has conducted surveys of comuters in two |arge
Honol ul u suburbs, Mlilani and Hawaii Kai, to determ ne their
Interest at several fare levels in using paratransit services that
provi de guaranteed seating and door-to-door delivery. The results
of these surveys are contained in References 2, 3 and 4.  Appendix

nd for

A contains a copy of Reference 4, "predicting Demand fo
Alternative Transportation Services in Suburban Honolulu, The data
FIGURE 2

COMNUTER'S INTIREST IN USING PARATAXI SERVICES,
BY FARE PER MNILR

Percant
Intsrestad

60
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Fare is cents per nle

are plotted in Figure 2 and show that there is also a |inear
rel ationship between "fares" and ridership in door-to-door parataxi
services. The data show how much interest in using parataxi
services declines as "fares" increase- This linear relationship
(model ) can be described by the follow ng equations:

Percent of Comnmuters Income (Fare)
Equation 2A: | Interested in = =120 X Per Mile + 54
Taking Rides : $1988)



Percent of Commuter I ncome (Fare

Equation 2B Interested in = -106 Per Mle + 54
Taki ng Ri des ($1991)

The first equation (2A) was derived fromFigure 2.  The second
equation (2B) was derived bK supstituting 1991 dollars, which equal
, 885 (1988 dollars),into the first equation.

3 I D . <

At what "fare" level (in 1991 dollars) is the percent of conmmuters

interested in taking parataxi rides (Equation 2B) equal to the

percent of commuters yery interested in providing parataxi rides

VSthuatlon |A)? The intersection of these two equations occurs
en:

-106 (FARE) + 54 = 110 (FARE + 12
Far e = 20 cents (in 1991 dollars) per mle

At this fare |level approximtely 30 percent of the comuters would
switch to parataxi services. Is is the "wrst case" scenario

based on the USDCE and Hawaii dat a.

At what "fare" level (in 1991 dollars) is the percent of conmuters

interested in taking parataxi rides (Equation 2B) equal to.the

percent of comruters interested in Prow ding parataxi rides

Vﬁthuatlon |B)? The' intersection of these two equations occurs
en:

-106 (FARE) + 54 = 115 fFARE) + 35
Fare = 9 cents (in 1991 dollars) per mle

At this fare |level approxinmately 45 percent of conmuters woul d
switch to parataxi service. This is the “best case" scenario based

on the US and Hawaii dat a.

These two intersection points are shown graphically in Figure 3.
One subset of commuters that have been very difficult to attract
out of their Single-Occupant Vehicles {(SO) and into Milti-

Cccupant Vehicles (MOVS), are suburb-to-suburb comuters who |ive
withinbmles of their workplace. Table 2, which contains the
results of a survey by the Bellevue (Washington) TWA, shows this.
The reasons for this ‘are straight-forward. The additional waiting
and travel tines associated with MOV travel would nore than double
the' tinme associated wth SOV travel tTor these short commuting
trips. As a result (see Figure 7), nost short-distance, suburb-



FIGURE 3

COMNUTER'S INTEREST IN PROVIDING AND TAKING PARATAXI SERVICES
. 3Y FARE PRR MILX (1991 OOLLARS)
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Intarested
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to-suburb commuters find driving alone is nore cost-effective than
using MV nodes. On the other hand, these short-distance, suburb-
to-suburb SOV comuters cause alnost as much air pollution as
| onger distance SOV conmmuters because of the "cold-start" problem

TABLE 2
Bel | evue CBD Commuters, 1990 Survey
Mode split by residential |ocation.

MODE
Resi dence , SOV POCL BUS TOTAL
Bel | evue (<5 m | es) 26% 88% 7% 5% 100%
Adjacent (5-10 mles) 42% 83% 10% 7% 100%
Seattle (5-10 mles) 17% 81% 8% 11% 100%
Farther (>10 mles) 15% 75% 20% 5% 100%
Tot al 100%
Sour ce: ' se Study, Glnmore

Research (Ref. 5)

Wth current em ssions control technologies,. approxinately 90
ercent_of the emi ssions occur in the first mle of a seven mle
rip. Emssions that occur when an autonobile is first started and

the catalytic converter is cold are referred to as "cold-start"
em ssions. Sonet hing needs to be done to reduce the use of SOVs
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for short distance, suburb-to-suburb trips by comuters within |ow
density areas, including trips between suburban residences and
transit park-and-ride |ots.

One way to increase short-distance parataxi ridership rates is to
use distance-based fares. The City of Blois in France found that
ridership, particularly short-distance ridership, increased when
they installed a distance-based fare structure on their bus system
in the md-1980s. Sqrvegs.conducted after the distance-based fare
system was installed in Blois, found that the relatively high costs
per Bassenger mle kept many short-distance travelers fromriding
the bus when the flat-fare Structure was in place. Passengers on
the Blois bus systeminsert a "Smart" farecard i nto one or nore
readers on the bus when they enter and exit. The "Smart-Card"
which is the same size as a VISA or American Express credit card:
records the origin and destination points and the distance and fare
in a mcroprocessor chip enbedded in the plastic. Each passenger's
account is automatically debited by the anount of the fare.

It should be noted that enployees who |ive close to their work
places will tend to have short waiting times for parataxi services.

As the travel paths of co-workers and others who work in the same
enpl oyment nei ghborhood (e.g., suburban office park) converge on a
work site from residences around the region, the density of
commut er vehicles heading for that work site increases. The |ow
waiting times should. enable parataxis to attract many short-
dlstaqgﬁ subur b-to-suburb coinnuters out of their single-occupant
aut omobi | es.

Simlarly, special checkpoints could be established within a mle
or two of nost residences to give comuters and other travelers
better access to parataxis for |onger trips. |f these specia
checkpoints were located near intersections of frequently-traveled
roadways, for exanple, the travel paths of residential neighbors
would tend to converge on these points and provide good parat axi
feeder/distribution services for each neighborhood.

One way. to increase overall parataxi ridership rates would be to
al low parataxi riders to "rent" the entire back seat of the
parataxi vehicle for a single “fare’”. In addition to providing a
taxi-like environment and room for shopping bags, thi's approach
woul d effectively reduce the fares of each passenger by 50 percent
In a two-passenger group and by 67 percent in a three-passenger
group.  This approach shoul d-also help reduce security concerns
among riders, since they will either be riding in the back seat by
themsel ves or with one or two friends. The security issues will be
discussed in nore detail in a subsequent section

For the first few denonstration pr%gects, It is recomended that
parataxi "fares" be set at sixty (60) cents for the first two (%}
mles plus twenty (20) cents per mle thereafter for those who do
not have nonthly transit passes. Those who have nonthly or |onger-
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termtransit passes would pay just twenty (20) cents per mle for
parataxi Services. Simlarly, riders who transfer from one
parataxi to another parataxi to conplete their trip, would not need
to pag sixty (60) cents for the first two (2) mles on the second
or subsequent legs. They would just pay twenty (20) cents per mle
for the distance they traveled on these |egs,

The parataxi matching and dispatching subsystem of CST will conpute
the fares for each parataxi ride. arataxi drivers wll not need
to install neters in their vehicles or calculate the distances and
fares fromtheir odoneters. Parataxi riders will not need to worry
about paying higher fares because their drivers took circuitous
routes. Parataxi fares will not be collected by the driver.
Instead, parataxi riders' accounts will be billed nonthly, and
parataxi drivers' accounts wll be credited nonthly for parataxi
use. As with carpools, sone people may serve as drivers one or two
days a week and as riders on the other days. Their accounts woul d
be billed/credited monthly for net parataxi use.

Under the proposed "fare" structure, a' parataxi rider wthout a
transit pass and up to two friends mouldcfay eighty (80) cents for
a three (3} mle trip and two dollars and sixty cents ($2.60) for
a twelve (12) mle trip. These should be attractive fares for on-
call, door-to-door transportation services wth guaranteed seatln%.
Based on the market research surveys conducted in Honolulu, the
availability of quality parataxi services in an area could
eventual |y attract at |east 20 percent of comuters who now |ive
and work in the area out of their single-occupant vehicles. Based
on USDOT Federal H ghway Adm nistration (FHWA) data, (Ref. 6), this
could reduce traffic congestion delays, in large US urbanized
areas on the order of 50 percent.

For the first few projects, it is recommended that parataxi drivers
receive all of the "fares" collected fromtheir.parataxi riders.
All of the other funds required to develop and operate the
conputerized parataxi dispatching system - including special
| nsurance, backug taxi service, advertising and training - shoul d
be provided by the public and private organizations sponsoring the
denonstration project. Under this approach, there would be no
direct subsidies of parataxi drivers or riders. Average parataxi
"fares" per mle should be slightly higher than those of carpools
and vanpools whose users usually commt to a nonthly paynent. As
a result, there should be no financial incentive for comuters who
are now in carpools or vanpools to switch to parataxi services. It
woul d be desirable, however, if local government and business
organi zations in the area provided comunity parataxi drivers wth
the sane benefits (e.g., special parking places/rates) that they
now provide to in-house carpool and vanpool drivers.

In order to provide a high level of parataxi services during the
start up of the first denonstration project, it may also be
desirable to reward those who offer to provide parataxi rides but
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for whomthere are no riders. Based on the data collected in a
USDCE survey (shown in Table 1 and Figure 1), 25 percent to 49
ercent of commuting drivers would be interested in finding riders
I f they could receive at least $51 per nonth for their efforts. |t
appears that an approach which mnuld.%uarantee parataxi drivers at
| east $51 pr nonth (in 1991 dollars) it they woul d provide or offer
to provide 40 parataxi rides during specified hours on at |east 20
difrerent days in a nonth, would acconplish this.

In order to provide a mninmmlevel of parataxi services at al
tines, it would be desirable to contract wth one or nore | oca
taxi conpanies to provide up to 5 percent, for exanple, of all
"parataxi” rides. he CST system would use these contract taxis,

ich are available to go any place at any time within the area, as
"wild cards" to handle trips that may be difficult to fill wth
parat axi services. These taxis, wth on-board comunications
equi pnent, coul d al so receive instructions on their trips to pick
up additional shared-ride passengers. The taxis used in this "wld
card" role woul d eventual Iy be subsidized out 'of parataxi fares.
The primary objective is to give privately-owned and privately-
operated ‘taxi conpanies a greater role in Jocal _ public
transportation systens and to maintain the revenue base of |oca
t axi operators.

Task 4 - Recommend Security and Billing Subsystem
According to Dr. Martin Wachs of UCLA, one of the reasons for the

decline of public transit ridership in the United States is the
wi despread fear of crime. In his words:

"Arerica's transit systens are physicallg danger ous because
crimnals prey on the traveling public at bus stops and subway
stations, on buses, streetcars, and subwa{ trains. In a
survey of more than [100 transit users in Los Angeles, for
exanﬁ e, 16% reported being victins of a crime, and anot her
19% had witnessed a crine at a bus stop, on a bus, or walKking
to or froma bus stop. The nagnitude of transit crine is
understated by crine reporting nechanisms.  Uniform crine
reporting-forms do not designate transit stations or vehicles
as specific venues for recording crines, and they are thus
| unped together with many other crines in a category called
"street crims" Despite inadequate data, it is wdely
under stood by transit managers that sone people choose to
drive or sinply decline to travel because transit environnments

frighten them

The nodern subways in Washington, Atlanta, and Baltinore have
been consciously designed as secure environments, and crine
rates on these systens are remarkably |ow, they are anong the
saf est places in those metropolitan areas. Far |ess attention
to security has been given to the design of buses or the
provision of lighting and police surveillance at bus stops.
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In many urban areas transit authorities have reluctantly
accepted responsibility for policing the vehicles and added
uni formed police to their payrolls. On the other hand,
security at bus stops has beconme a political football.
Transit officials claimthat it is the responsibility of the
local police,; local police refuse to allocate special
resources to the protection of transit installations.
National transit policy is virtually silent with respect to
the inportance of protecting the riding public, and those who
have a choice increasingly avoid transit, |eaving those who
have no choice but to ride even nore vulnerable to urban
crimnals." (10)

In order to be successful, parataxi systenms nust be safe and must
be perceived by the public to be safe. The use of door-to-door
services and random (or at |east unschedul ed) vehicle arrival tines
will make parataxi riders a nore difficult target for crimnals.
The availability of audiotex-/videotex-based Advanced Traveler
| nformation System (ATIS), wth better information on transit
vehicle departure times, wll also help reduce waiting tines at bus
and rail stations.

The recommended security system for the first denpnstration of a
FarataX| system which wll be based, on standard touch-tone
el ephone equi pment, is described in Figure 4 and in the discussion
of Task 8. Only people that have a CST identification card,

account nunber and a Personal Identification Nunber (PIN) will be
eligible to request or offer parataxi rides. A detailed audit
trail will be made of all parataxi ride offers and ride requests,

including the caller's telephone nunber. An extensive analysis
wi ||l be made of all transactions with invalid PINs or vehicle
codes. These features should nake it the safest or one of the
safest public transportation services in the United States. For
the first denonstration project, noreover, it is recomended that
all drivers and riders be nenmbers of a closed-user rouP (e.g. a
gover nnent agency, a major enployer, a unlverS|tY's aculty, staff
and students?. It is also recomended that at |east one of the

endpoi nts of each parataxi ride offer be the driver's residence or
the driver's place of work/school. In addition, at |east one of
the endpoints of each parataxi ride request be the rider's
residence or the rider's place of work/school.

Figure 4 shows that both parataxi drivers and riders will' be
checked prior to each match for "crimnal activity". If either is
wanted by the police, for exanple, the police would be notified so
that they can handle the ride offer or request. The security
flowchart” in Figure 4 could also be nodified to check vehicles for
current air quality conpliance certificates or alnost any other
characteristic,. It is inportant that the security procedures be
careful [y reviewed by government, business and comunity |eaders
and potential parataxi drivers and riders in the proposed test
sites and, adapted to meet their needs.
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FIGURE 4
PROPCSED DRI VER AND RIDER SECURI TY PROCEDURES
FOR AN ALD OBEX BASED PARATAXI D SPATCH NG SYSTEM

GET
NEXT RIDE
OFFER/REQUEST

PLAY
T |
ACCOUNT
ON_RIDER
TERMINAL 1
POLICE DISPLAY A A Noies

The security features outlined for a videotex-based parataxi system
woul d be alnost exactly the same as for an audi ot ex-based system
New technol ogies e.q. Smart-card telephones, voice-print
identification) are e pgcted to increase the security features of
t el econmuni cations and parataxi systems in the future. However,
the private account nunber and personal identification nunber (PIN)
rocedure -which is now used by state unenpl oynment agencies, stock
rokerage firms and other organizations for a variety of high
dollar value transactions - provides a relatively high level of
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security for a low cost.

The billing system for the CST/parataxi system based on either
audi otex or videotex technologies, is proposed to be a nonthly
statement, simlar to those now issued by VISA and other credit
cards. No cash transactions will be involved for ﬁarataX|
services. Parataxi drivers will not be required to make change and
arataxi riders will not be required to use exact change. For the

irst few denonstration projects, it is recommended that the

billings and collections be handled by an existing bank, credit
card conpany, etc. to mnimze developnent time, front-end costs
and operational problens. Paynents for parataxi services would be
debited fromthe rider's credit _card account and credited to the
driver's credit card account. This would also mnimze postage,

| abor, supplies, etc. It is simlar to the approach now being used
by some automatic toll collection systems (e.g., Dallas Tollway)

and by sone videotex (e.g., COMPUSE servi ces.

Task 5 - Prelimnary Design of Parataxi Dispatching System

The California Snmart Traveler (CST) System should be designed to
facilitate changes that will be requiréd in the future. The use of

UNI X, SQL, C and other "open architecture" approaches in devel oping
CST wll give Caltrans and other users the ability to choose from
a variety of hardware, software and service suppliers. It should
al so save time and noney in interfacing CST with other systens,

such as a Traffic QOperations System (TOS) or E-911 system in order
to exchange information and avoid duplication of efforts. Traffic
Qperation Centers (TOCs), in particular, require access to tinely
and accurate data about |ocal and regional accidents, weather,

construction projects, road conditions, etc. CST designers should
make maxi mum use of this multi-modal information source.

In addition to being multi-nodal from a transportation standpoint,

both the parataxi dispatching subsystem and CST shoul d be designed
to be nulti-nodal as far as input device, output device and
transm ssion node are concerned. Because of user famliarity and
the w despread availability of .tduch-tone telephones, these |ow
cost, user-friendly devices should be the foundation of CST
projects. In addition to this audiotex-based foundation, one of
the early tests should also allow people who have persona

computers (PCs) with modems to use themto access CST.

One advantage to usin% a PC or videotex termnal rather than
t el ephone is that one has nore time to wite down information. |
fact, no witing of information by parataxi riders or drivers woul
be required if the PC or videotex termnal is equipped wth a
rinter. A second advantage to using a PC or videotex termnal is
hat errors are reduced. As soon as an origin or destination

a
n
d
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checkpoint code is entered, for exanple, the termnals screen woul d
display the conplete address. This capability would give the user
a nuch better chance to detect input errors. In addition, the
ability to print output from CST conputer system rather than
having to wite it down, would help the user avoid making errors in
transcribi ng output information.

In the future, videotex systenms are expected to make nuch greater
use of touch-screens to make access to information nore user-
friendly. Instead of using a keyboard to enter checkpoint numbers
of a.theatre, restaurant, etc., a user requesting a parataxi ride
could sinply touch a map on the videotex system which' would then
display a picture of the theatre (including the name and startin

time of the films) or the restaurant (including the menu an

today's specials). One videotex service in France already allows
a user to electronically "w ndow shop" at all the stores on major
city streets.

Figure 5 provides an overview of the proposed system  The three
boxes on the left indicate the three general types of input/output
devices. These include:

1. Fixed termnals (tel ephone line data transnission).
These devices include touch-tone tel ephones, videotex
termnals and PCs, as previously discussed. They also
i nclude fax machines, new picture-phones (which may also
be equipped with a printer), video ganes (e.g., N ntendo
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(I;arres are being used for hone banking in Japan and

ottery ganmes in Mnnesota), and even rotary phones if
CST is equipped wWth voice input capabilities. Local
t el ephone conpanies are now in the process of replacing
copper wire lines with fiber optic |ines. This will
greatly increase the information carrying capacity of the
tel ephone network and will permt the installation of a
w de variety of new, multi-nedia information termnals in
public kiosks and in private homes, offices and shops.

Local tel ephone conpanies are also.using new technol ogies
to increase the capacity of existing copper wire |ines.

New semi conductor chips and new data conpression
algorithms will soon permt the transmssion of full-
motion, color TV over existing copper wire lines. CST
shoul d be designed to take advantage of these new
devel opments in the tel ephone industry.

Fixed termnals (TV cable and other non-tel ephone |ine
data transm ssion). A variety of new interactive
information _services are being planned or inplenented
using cable TV as the transm ssion nmedium Some of these
wi |l offer many of the sane capabilities as telephone-

based videotex services, including hone&shopping, tele-,
banking, electronic mail. Sone of the input devices will

have a keyboard simlar to a PC Others wll have input

devices that | ook nore |ike a video gane controller or a

remote TV control unit. Still others will feature voice-

activated or touch-screen input. Just as the tel ephone
conpanies are seeking to broaden their markets by
of fering new information services (e.g., audiotex,
vi deotex, pay TV), cable TV conPam es are seeking to use
t heir communi cations networks to carry voice, data and
new i nformation services (e.g., interactive traini n%,

videotex, teleconferencing). @ The FCC appears to be
encouraging cable TV conpanies to do this in order to
provide the public with a second source for |[ocal

tel ecommuni cations services. CST should also be designed
to take advantage of these new devel opnents in order to
real_ldze any price-performance inprovenents that they
provi de.

Mbile termnals (radio and other wirel ess data
transm ssion). A variety of new wirel ess devices,
including cellular phones, "digital radio termnals; fax
machines, conputers and new pocket-sized Personal
Communi cations Network (PCN) units, are now bein
devel oped and tested in the United States, Japan, an
Europe. They will provide users with greater flexibilit
and security. Sone of the new PCN "telephones”, whic
are being designed to replace pay phones and to reduce
the cost of cellular phones, éeven have "smart-card"
readers in themfor identification and billing purposes.
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I nstead of associating a tel ephone number with a physical
Iocatlon_ﬁe.%i, phone booth, desk, home), a tel ephone
nunmber will be associated with an individual in the
future, wherever he or she may be. More and nore
tethered conmunications devices_ﬁe.%., t el ephones,
conputers with tel ephone nmodens) will De replaced with
wirel ess communications devices (e.g., PCN "phones",
| apt op and not ebook conputers equipped with radio-

t el ephone nodens). CST shoul d be designed to take
advaptage of thése new capabilities when they becone
avai | abl e.

The reduced cost and availability of nobile termnals
will permt major inprovements to future parataxi
systems.  Instead of onlytransmtt|n% ride requests to
parataxi drivers before they start their trips, these
requests can also, be transmtted to drivers during their
trips. This would tend to reduce waiting times for
riders and increase average vehicle occupancy (AVO rates
and revenues for parataxi drivers. The availability of
mobile termnals will also permt Traffic Operations
Centers (TOCs) to advise parataxi drivers of problens
along their planned routes and to reconmend al ternative
aths. In turn, parataxi's will be able to serve as
raffic probes for TOCs.

The price of conputers and tel ecommunications equi pment
IS expected-to continue to decline and the perfornance of
these electronic devices is expected to continue to
i nprove during the next few decades. An "open
architecture" design approach for CST will provide the
capability to add a variety of new hardware and software
conponents in the future. ~ This approach will also |et
the user rather than the system designer decide what
device and what transm ssion medium he or she finds nost
cost-effective,

Appendices B and C describe the procedures that one would use to
retrieve information from audiotex and videotex systens
respectively. These technol ogi es shoul d not be considered’to be
design alternatives but user alternatives. Both capabilities wll
be needed in CST, particularly under the new Anericans with
Disabilities Act (ADA) requirements. An audiotex-based system for
exanpl e, woul d be inadequate for a hearing-inpaired person. A
vi deot ex- based system woul d be inadequate for a visually-inpaired
per son.

Each test site should have a CST operations center that contains a
nunber of " HELP" desks with telephone and conputer termnals.
Personnel at a HELP desk should be available to assist audiotex or
videotex "callers" with their inquiries in the event of problens.
The design of the center could be very sinmlar to a 9-1-1
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di spatching center, an airline reservations center, or a conputer-
managed taxi d|spatch|n% room It will also be possible for HELP-
desk operators to work fromsatellite offices or their own hones.
This could be an excellent job for those who prefer to work at hone
for medical or other reasons.

One HELP Qperator in Germany can now handl e at |east 15,000
resi dents during off-peak hours and at |east 10,000 residents
during peak comuting hours even though Germany has higher transit
ridership rates than the United States. Moreover, the Gernman
systens use HELP-desk operators to enter Origin, destination and
other trip information into the public transportation information
system  This is a |abor-intensive process that could be
streanl i ned by letting users enter their own trip information via
touch-tone telephones (i.e., audiotex) and user-friendly conputer
termnals [i.e., videotex). @ By using these do-it-yourself
approaches In CST, conmmunities in the US. should be able to handl e
at |east 45000 residents duryn% of f- peak hours and at |east 30,000
residents during peak hours with each HELP-desk operator

It should be noted that in German conmunities which have already
installed transit conmand and control. systens, al nost twoé&thirds
(6799 of all public transportation trips are preschedul ed and do
not use HELP-desk operators to enter trip information. Thi s
pattern should also apply to systems in the United States, where
alnost half of all transit trips are for travel to and from work.
It should also be noted that additional HELP-desk operators will be
required for training and special assistance during the first few
mont hs of the inplementation of a new CST system This peak | oad
| Ienentat|on/tra|n|n? wor kf orce could be handled in a cost-
effective manner by college students on their sunmer vacations.
These tenporary workers woul d require nodest hourly wages and few
fringe benefits. Mbst woul d wel come the opportunity to work on a
project that could inprove the quality of |I|ife in their
communi ti es.

Task 6 - Cost-Benefit Analvses

The primary objective for installing CST and other Intelligent
Vehi cl e- H ghway Systems (IVHS) applications in an area is to
i ncrease the productivity of avallable transportation resources and
to reduce traffic congestion, gasoline consunption, air pollution
and nobility Problens in a cost-effective manner. One way to
measure the effectiveness of these systenms woul d be to neasure what
happens to the number of vehicle trips per capita, vehicle mles
per capita and vehicle ownership per capita in the service area
after these IVHS applications are installed. One way to neasure
the costs of these systens would be to neasure what happens to the
total costs, both direct and indirect, per passenger trip and per
passenger mle after these | VHS applications are installed.
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Foure 6

A Typical CST Public Transportation
Ride Request

The following sections outline how users will request a public
transportation ride, including door-to-door, parataxi services and route-
deviation services, using the California Smart Traveler (CST) System:

A. Using a conventional touch-tone phone:

L Dial the CST number.

2. Enter CST account number.

3 Enter four-digit Personal Identification Number (PIN),
which will serve as an “éelectronic signature’”. .

4, Enter apersond trip code (e.g., “ W means| would like
aride from home to work, as soon as possible. | am
traveling ta)l one and have no wheelchair or other specia

uIpment. I : .

5. The CST system will dispatch a transit, paratransit or
égtjelsharl Nng vehicle and advise the passenger .of the

als.

B.  Usinea“smart” touch-tone phone:

1. Enter “CST". The autodialer will enter the phone
number and the CST account code.

Enter afour-digit PIN

Enter a persond trip code _ _

The CST System will dispatch a vehicle and advise the
passenger of the detalls.

C. Using a "very smart touch-tone phone:

L Say “Home, Jane” or “Home, James’. The phone will
anayze the voice print and, if satisfactory, enter the
phone number, CST account code, four-digit PIN and
personal trip code.

bt ad

Telephones may ether be conventiond models or wireless models.
Within the decade, it is anticipated that vest pocket-sized Personal
Communications Network (PCN) models will be available a attractive

rices. These PCN phones will be wireless and will include a smart-card

or security and billing purposes. Marketing trials of these PCN units
are dready underway in Europe.  Similar trials are expected to begin in
the U.S. within the year.
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In order to mnimze costs to hoth users and taxpayers, CST wll be
designed to nake maxi num use of conventional carpools/vanpools and
single-trip carpool s/vanpools (i.e. parataxis) to inprove public
transportation services. The market research studies by USDCE and
the State of Hawaii indicate that adding a CST-based parat axi
systemto an area should eventually take 20 percent or nore single-
occupant commuter vehicles off the road during peak comuting
hours. |Is this areasonabl e expectation? The fol | owi ng anal yses
of the Bay Area R%FId Transit (BART) systen12¥ Harvard Professors
Dr. John Meyer and Dr. Jose Conez-|banez (8) suggest that it is
reasonable, at |east after some period of tine, since parataxis and
sov commuter vehicles would have approximtely equal door-to-door
travel tinmes: . _ .
"In the BART service area, worktrips to the major enpl oynent
centers, on average, take about 40 mnutes on BART. The bus
transit that BART supplanted served such trips, on average, in
about 54 m nutes, hus, BART effectuated a 14-mnute average
|nProvenentpertr|p over previously available public transit.
But automobile trips to these same enploynent centers average
about 26 m nutes during peak periods so that commuting by
automobile is faster than BART by a fairly substantial margin.

A typical "modal split" curve, shown in Figure 7, illustrates
how such changes In travel time mght influence the choice
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between public transit and the private autonobile in San
Francisco. = A nodal split <curve is often wused by
transportation' planners to sunmarize estimtes, of the
relationship between the shares of travelers carried by
transit and auto and the relative travel tinmes or costs of the
two rmodes. Mddal split curvesF%¥p|caIIy have the shape shown
in Figure 7. In essence, BART noved the average ratio of
transit to autonobile travel tines in San Francisco from 2.15
56 mnutes divided by 26) to 1.54 (40 mnutes divided by 26).
ince such a change i's located on the right-hand flat section
of the curve in Figure 7, BART should have little inpact on
the nodes used by San Francisco travelers. |f the change in
travel times brought about by BART is not sufficient to af fect
travelers' choices of node, it is also unli keI% to be
sufficient to affect the choices of residential or business
| ocation, especially in the short run.

These travel-time figures are overall averages, though; which
may di sguise a great deal of diversity and change in
particul ar areas. For exanple, if BART created several areas
(perhaps around inportant transit stations) where the transit-
to-autonobile time ratio noved close to unity, choice of node
and |and usage could well change. The potential nunmber of
areas with such favorable transit-time ratios would be greater
I f the overall reduction in the average transit-to-autonobile
time ratio had been nore dramatic, _For exanple, if BART had
rought the overall transit-to-autonobile tine ratio down to
.00 rather than 1.54. transit would [ikely have been
preferred to the autonpbile for commuter worktrips 1n large
sectors of the BART service area" .

O

CST shoul d be able to provide taxi/parataxi services that have
transit-to-automobile tine ratios close to 1.00 for comuter trips
in many areas. CST should also inprove the weighted door-to-door
travel tines of conventional transit services in the area by
providing inproved feeder services to bus and rail stations.

Transportation researchers (11, 12) have-found that the ratio of
traps;f travel tine to auto travel tinme (Fig. 7) should be weighed
as foll ows:

L. Time spent outside transit vehicles (i.e. walking,
wai ting, transferring) should be weighted at |east three
(3) times as much as time spent in a transit vehicle or
auto, in conputing weighted door-to-door travel tinmes.

2. |If out-of-pocket auto costs (i.e. excluding depreciation,
I nsurance) per passenger mle are different than transit
fares per 8$ssenger mle, travel times should be
adj ust ed. e way to do this is to add additional tine
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to either autos or transit vehicles to conpensate for the

addi ti onal out-of -pocket costs. For exanple, one could

wei ght each additional dollar of costs per trip by five
éS) to ten (10) mnutes of in-vehicle travel tine.
igure 7 shows how this would affect nmarket share

Figure 7 suggests that 50 percent of all commuters woul d use
autormobi | es and 50 percent would use public transportation if their
wei ghed door-to-door travel times were equal. |f the costs of
aut onobi | e use increased because of higher gasoline costs, higher
tolls, higher Parklng fees, etc., than the weighted door-to-door
travel times of the autonobile would increase relative to transit
and a greater percentage of commuters would use transit. On the
other hand, if the weighted door-to-door travel tines of transit
modes increased because of higher fares or |ess frequent service,
than a greater percentage of commuters woul d use autonobiles.

One mght get the |q§re33|on fromthe quotation on pages 20 and 21
that Dr. yer and Dr. Gomez-I|banez _consider the autonobile and
transit to be nutually exclusive. This is not the case. Their
book "Autos, Transit and cities" (8) encourages greater use of
aut onobi | e- based public transportation nodes (e.g., shared-ride
taxis, jitneys, carpools) in order to inprove transit service and
reduce ‘costs, particularly in |owdensity suburban areas. This
aﬁproach s consistent with current US and FTA policy. In fact,
shortly after Brian O yner becane UMIA (now FHA) Admi nistrator, he
suggested that we redefine public or mass transit in the US. to
include all nodes other than the single-occupant autonobile.

A nunmber of, prom nent transportation researchers (8, 10, 11, 13,

14) have been very critical of the high levels of spending on new
rall transit systens in the United States since 1975, These
researchers believe that nost of the rail noney coul d have been
better spent inproving bus, paratransit or ridesharing services,

since these nmodes are nore cost-effective than rail in lowdensity
suburban conmmunities, where nobst nmetropolitan area residents now
live and work. One of these researchers, Dr. Melvin Wbber of UG
Berkely, has been an especially strong advocate for increasing the
role of the private autonobile in urban public transportation
systems. In Dr. \\ebber's words:

..... "A lot has been witten about.the American's peculiar
| ove-affair with the automobile, as though it were nere
affection or fascination that has led to the dom nance of
private cars over all other npdes of urban transport. But the
auto is certainly not an American phenonenon. It is as
Rppular el sewhere in the world as it is here. Wether in the
i ghly devel oped nations of Europe or the |east-devel oped
nations of Africa and Asia, people who can afford cars buy
them and use them seemingly with nore enotional passion than
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Anericans do, but probably for the same reasons, nevertheless.
Autos are Bopular because they offer better transport service
In some urban situations than do other nodes. The key to the
auto's popularity is its capacity to furnish door-to-door, no-
wait, no-transfer service. In conpetition with other
transport nodes in lowdensity places, It usually w ns hands
down -- nostly because travel ‘tinme fromorigin to destination
Is typically shorter than via other nodes and because noney
costs, although not low, are tolerable

Travel -times are short because a car that is available

S
for an individual's exclusive use sits patiently waiting
outside his door and is inmediately accessible -- always on
call, as it were. \Were parking is available at poth ends of

atrip, as is common in [owdensity cities in the US., the
car prom ses door-to-door accessibility. Were traffic flows
freely, it promses a high level of mobility. Mney costs are
tol erabl e because the use of autonobiles is subsidized. US.
motorists are charged a nodest gas-tax fee to cover some costs
of road-building, while the heavy costs of congestion and of
air and noise pollution are not directly charged to the
nmotorists who generate them It is scarcely any wonder, given
the car's inherent advantages and the inposition of some of
Its operating costs on others, that it has becone the
preferred node of transport for so many. It seens to be as
popular in places |ike Mexico Gty where mass auto use has
generated | evels of congestion and air and noise pollution
th?tl 1%hh century Pittsburgh residents would regard as
i ntol erabl e.

_ O course, there are still a great many for whom
discretionary use of a car is at best a dream About a third
of the U.S. population is not licensed to drive, nost of them
because they are physically incapable of doing so -- they are
either too young, too old, or too handi capped; perhaps a
fourth of themare sinply too poor to own cars, even though
auto-use is underpriced. In any case, only two-thirds of
Arericans are now able to drive; but not all of them have ful
discretionary use of cars. About half of US. famlies stil
have only one car that all menbers of the famly nust share.
So, even though autonobiles are dom nant over all available
personal transport nodes, we are a long way fromfull and free
auto-mobility for everyone. That, | suggest, is the paramount
transportation problemwe confront in the new netropolitan
areas of the U S west.

You naK argue that things are bad enough al ready. V& now
have nore than one car for every two persons. |f the nunbers
were to approach one for every person, we, like the folks in
Mexico, Gity, would be scarcely able to nove on the nost-
congested routes, much less enjoy free nobility. And, of
course, you're probably right. SO the problem nust then be
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redefined to call for the design of a successor to the
currently dom nant private-autonobile/public highway system
W need a transport system that would permt virtually
everyone to enjoy the equival ent of autonobile nobility,
al though not exclusively with the present arrangenent of
privately owned cars, each exclusively dedicated to carrying
Its owner in privacy........

... ..\estern cities and the extensive suburban areas
surrounding the older eastern cities are marked by |ow
densities and by dispersed patterns of residences and work
places. Few comuters originating in any single residential
nei ghborhood are likely to be bound for the sanme work site at
precisely the sane tine. So it is inportant that an
alternative mass urban transport system be capable of serving
smal | nunbers of persons having the sane conbi nations of
origins, destinations, and schedules. It has to-be capable of
collecting themvirtually at their doors, on tine, and then
transporting them from wherever they are directly to wherever
they want to go. That is to say, it nust be capable of
provi di ng random access, just the way the tel ephone network
connects everywhere to everywhere -- directly, and on denand.

Those are the very attributes that nmke autonobiles
attractive. They nust also becone the attributes of public
transit systens. "~ If public transit is to conpete with private
cars, it must do so on the car's own terns. hat neans, amon
other things, that future public transit nust enploy smal
vehicles that are able to carry those small 'groups of
travel ers who share the sane conbinations of origins,
destinations, and schedules.  The w despread di spersion of
resi dences and work places since Wrld War |l has made |arge-
vehicle (rail transit) systems obsol escent on all but a few
routes within nost Anerican netropolises. The new nodul es are
t he 50-passenger bus, the 12-passenger van, and the 4-
passenger motor car used as a public transit vehicle. The era
of the suburbari railroad and the |0-car subway train is |ong
since past for nobst of Anerica, certainly for the Anmerican
west and the new American south........

. . . ..Some cities here and abroad have experinmented wth
incentives aimed at increasing nunbers of passengers per car,
and their publics have responded quite as expected. Commuters
using the San Francisco Bay Bridge are collecting extra
passengers from bus stops and BART stations because carpools
are rewarded with spee f passage through the toll booths and
a saving of at least 10 mnutes and the 75-cent toll. It
seems it does not take nuch saving in travel time or noney
cost to induce notorists to share their cars with others, even
strangers -- so long as the arrangenents are flexible and so
| ong as the individual driver's freedomis not unduly
constrai ned.
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Prospects are pronmising for an urban transportation
systemthat conbines private use of private autonobiles with
public use of public autonobiles and other shared vehicles
that use streets and freeways. Excl usive use of sel ected
streets for carpools, express buses, and group taxis can
greatly inorease travel speeds, thus making these nultiple-
occupant vehicles the nost-rapid conponents of urban transport
systems. Because overall door-to-door travel tine is p[obably
the nost inportant factor affecting a conmuter's choice o
travel node, there may be no nore effective ma% of reducing
congestion and increasing urban nobility than through
preferenti al t r eat ment for mul ti pl e- occupant
vehicles."...... ( I)..

In addition to advocating a greater role for private autonobiles in
public transportation systems, Dr. Webber outlined the inportance
of both prererential ftreatment for nultiple-occupant vehicles
§e . | anes, HOV tolls, HOV parking) and direct and indirect
ubgldles (e.g., traffic congestion delays, air and noise
pol lution, uninsured accident and health costs) for single-occupant
autonobi les. It appears that federal, state and |ocal governnents
and private transportation organizations (e.g.., |VHS-America) are
now noving toward a "carrot-and-stick" approach to reducing traffic
congestion and related-problenms. Mre |eaders in California are
supporting greater incentives for using nultiple-occupant vehicles
and | ower incentives/subsidies for using single-occupant vehicles,
particularly during nmorning and evening commuting hours.

There is a danger, however, I n concentrating one's traffic
reduction efforts on hone-to-work commuter autonobiles. Figure 8,
for exanple, shows that only 44 percent of vehicle trips in the AM
eak and only 24 percent of vehicle trips in the PMpeak are nade
y hone-to-work commuting autos, vans and trucks in the Puget Sound
Area (Ref. 5) The rest are nade for shopping, recreation and other

ur poses.
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Removing half of the home-to-work commting vehicles from the road
during the PM peak, would only reduce the total nunber of vehicle
trips 12 percent. Flﬁure 9,which was derived from nationa
survey data (Ref. 9) shows results simlar to Figure 8.

Both Regul ation XV and nost traffic mt
most of the responsibility of solving Ca
congestion and air pollution problens on
on the data shown in Figures 8 and 9, t

FI GURE 9
WORK COMMUTERS SHARE OF VEHI CLE TRI PS
DURI NG PEAK AM AND PM PERI ODS

| gation ordinances place
|1fornia's urban traffic
| ocal businesses. Based
his appears inequitable.
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Furthernmore, if the costs on enployers gets too high it could not

only reduce the growth of new businesses in California, it could
al so cause some existing businesses to |eave. |t would be
desirable, therefore, to design and develop CST so that it could

handl e both work and non-work trips in an area.

Based on the costs of several multi-purpose videotex services it
appears that an audi otex/vi deot ex-based CST coul d be operated for
approxi mately $3 Eer month per'capita or approximately $6 per nonth
per enpl oyee. or a community involving 20,000 enpl oyees and
20,000 other residents, therefore, a CST center - including.
t el ephones, conputers, office space, personnel, etc. - would cost
on the order of $1.44 mllion per year. |f each worker and non-
wor ker generates 2.5 one-way vehicle trips per day per capita,
there woul d be 100,000 one-way vehicle trips per day. -
percent (i.e. 20,000) of these trips are taken by taxi/parataxi
services each day and parataxis carry 95 percent (i.e. 19,000 trips
each day), taxisS would carry the remaining 5 percent (i.e. 1,000
trips per day). |If the average taxi/parataxi trip is 4 mles, the
average parataxi fare would be $1 per trip and the average taxi

fare would be $5 per trip. To have the taxi-backup services charge
the sane rate as the parataxis, therefore, would require a subsidy
of $4 per taxi trip, or $4,000 per day, or $1.46 nmillion per year
Based on informal discussions with taxi operators, this should be
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an attractive arrangenment to them

The total annual subsidy (excluding start up costs) would be

approxi mately $3 million per year, therefore, for an operationa
test of CST {;ncludlng parataxi services) in a community of 40,000
peopl e. This would provide on the order of 7.3 mllion

taxi/parataxi trips per year. This is an average subsidy of
approximately 41 cents per total taxi/parataxi trip, or $150° per
year per enployee, or $75 per capita. Even if these subsidy |evels
were "doubled, it would be an extremely |owcost way to reduce
traffic congestion delays in |owdensity suburban areas. |t also
appears that nost of these subsidies could be generated by sone
conbi nation of enpl oyee parking fees, road pricing tolls,
audi otex/vi deotex advertising, and traffic n1t|gaP|on charges on
new devel opment .

Task 7 -Develop Transit, Paratransit and Ridesharing |nformation
Specitications
and . . o

Task 8 - Interstate Driver Infornation Capabilities

Section 1 - General Information on the California Smart
Iraveler (CSI) System

Appendi ces B and C describe how audiotex and videotex systens work
and how they can be used to obtain information about many subjects,
including bus and rail transit schedules. Readers ﬁho are not
famliar wth these interactive technologies my wsh to review
Appendices B and C prior to reading the follow ng 'sections.
Readers may also wish to review Figure 6 prior to reading the
fol l owing sections, which goes into considerable detail on the
steps the CST Systemw || take to process each request. Figure 6
shows that nost users will soon need to press only one or two
buttons to request information about the "best" ways to get between
home and work, for exanple, by public transportation or by driving.

Section 2 - Advanced Rider |nfornm& on Subsvstem (AR S

This section describes the interactive procedure by which the CST
system obtains trip sge0|t|cat|ons froma rider and how it presents
trip information to the rider. The four basic¢ specifications that
are required to obtain this information are the:

1 Rider's origin

2. Rider's destination . _
3. Planned tinme of departure/arrival _
4, Nurmber of seats required (i.e. people traveling)

In order to reduce the input requirenents on the rider, it will be

possible for each rider to pre-store frequently-used tri
specifications in his or her masrt)er file to rrai% tme ysystem easi eP

to use. For exanple, the master file could contain all the
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information required to request a'ride, which would arrive by 8:30
AM fromthe rider's home to his or her place of work. £ Wi
al so be possible to store other rider characteristics - suchtad! M)
snmoki ng, hearing or visual inpairnent, a wheelchair user - to
provide CST with the information necessary to provide the best
transportation services to the rider.

The direct phone nunbers for each AR'S service can be used to

bypass internediate steps and save the experienced ser
consi derabl e tine. There are two |evels of ARIS services,
those for the general public and (B) those only for registered CST

users.

2A. General ARIS Services - NO CST Registration Required
(Drrect Phone: XXX-X1Z0)

Tglese services provide information to the general public
about :

2Al . Gbtaining rides on scheduled bus and rail
transit services, given the user's earliest tine
of departure.

2A2, Obtaining rides on scheduled bus and rail transit
services, given the user's latest time of arrival.

2A3. Qobtaining rides on taxis, airport shuttles and
other conventional paratransit service.

2M. Regi stering for conventional carpool and vanpool
mat ching services.
2A5. Regi stering for special transit, paratransit and

ri desharing services.

(Readers not interested in detailed descriptions of how
to use each of these interactive services may skip
to paragraph 2B on Page 33.)

2A1. Qbtaining information on schedul ed bus and

a 1 transit services. given the earliest tine

of departure (Direct Phone: XXX-X121)

This section wll describe how one can use an
audi ot ex-based  ARI'S, somet i mes &LJ d .a
Conputerized Rider Information System (( g), to
request information about non-restricted rides on a
| ocal public transportation system  Conceptuall Y,
this information will be retrieved froma natrix “of
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reasonable (i.e. no nore than three transfers)
alternatives for each origin-destination pair for
weekdays, Saturdays and Sundays and holidays. Once
a request is entered froma touch-tone telephone
keyboard, the conmputer system w |l exam ne the
avail able alternatives and provide the user wth
information about the "best" rides available. The

computer will use criteria specified by the user or

historical rider preferences to find up to ten (10)
rides that neet the caller's transportation needs.

The conputer will first describe what it selected
as the "best" trip for the user. The user can
listen to information about the other nine trip
FQSSIbI|ItIe$ by using the keys to work through the

I st of possibilities, The “F" (#3) key can be
used to move FORWARD to the next ride description.
The "R" (#7) key can be used to REPLAY any ride
description and the "B" &%2) key can be used to
work one's way BACK-UP to the previous ride
description.

It should be noted that the term "bus" in this and
the followi ng sections (as in the German Ruf-Bus
system) applies to naxi-buses (articul ated buses),
m ni - buses and mcro-buses (i.e. contract taxis),
whi ch may be used on a route at different tines.
It should also be noted that tel ephone operators
wi |l be available at all times to assist in the
event of a problem However, there may be an
pddi tional charge for "operator-assisted" calls.

It is assumed that audi otex users have access to a
map‘ that shows the numbers of all check-points®in
the service area. In the future, videotex users
will be able to display these maps on their CRT
(V|de02 screens. The tollowng are the steps a user

woul d take to obtain information about a ride from

4These maps will be available in the yellow pages, fromthe

5

regi onal

poi nt .

transit agency, and at many” stores and newsstands.

ny public transportation |oading or unloading

. A
_ Althoqgﬁ)the di scussi on assumes each checkpoi nt has
a unique four-dig

it number, checkpoint numbers can have nore

or fewer digits.
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a reqular® checkpoint to a regular or route-
deviation checkpoint':

1. The conputer says: "Please enter "1' if you
require a lift-equipped vehicle or a "2" if
you do not". If "1" the conputer will skip
to Step 3. If anything other than a "1" IS
pressed (or if there is no answer within 5
seconds), the conmputer will assume a lift
vehicle is not required and will continue to
the next step.

2. The conputer says: "Please enter a "1" if you
would like to mnimze walking distances, a
‘' if you would like to mnimze transfers, a
"3 if you would like to mnimze door-to-door
travel tinme, or a "4" to get the |lowest price.
|f anything other than these keys is pressed,
the conputer will assune a "4" has been

sel ect ed.
3. The conputer says:  "Please enter your origin
checkpoint number now."  The user enters a

four digit nunber. The systemw || not accept
inval id checkpoint nunbers, such as the number
of a route-deviation checkpoint, as an origin
checkpoint for unregistered users.

4. The conputer says: "Please enter your
destination checkpoi nt nunber now" The user
enters a four digit number.

5, The computer says: "If you are interested in
obta|n|n% information about transit rides
during the next 12 hours, press the "1" key".
If you are interested in transit rides at
other tinmes, press the "2" key. If the user
gresifs the "2" key, the conputer skips to

tep 9.

6. The conputer says: "It is now (TIME) (AM PN,
n (DAY of WEEK). Please enter the earliest
tine you can | eave the checkpoint as a four

6Requ_l ar_checkpoint - A rail station, bus stop, etc. that is
visited on a regular schedule and designated with a sign.

"Rout e-devi ati on ghegkp%i nt - Only visited during certain
hours (e.g. off-peak, late night) at the special request of
a transit user. These- checkpoints are also designated wth
a sign.
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10.

11.

digit number. The first two digits are for
the hour and the second two digits are for the
m nut es. For exanple, 9:45 would be entered
as 0945". The user enters a four-digit
nunber.  The computer will calcul ate whether
the time is AMor PMand the day of the week,
since it is within 12 hours of the current
tine.

The conmputer will search through the origin-
destination matrix for that day of the week
and will tell the caller the schedul ed (and
estimated) time of the "best" bus or rail
departure, the vehicle and/or route nunber,
and the fare, transfer instructions, etc. The
cal ler can repeat the information by pressing
the "R' key. The caller can forward to
i nformation about the next alternative by
pressing the "F' key. The procedure can be
used..repeatedl¥ to explore other travel
possibilities. he caller can also back-up to
the previous alternative wth the "B" key.
(|% shoul d be noted that this is an
nformation service only. No new transit
trips will be added and no existing transit
trips will be nodified as a result of this
audiotex inquiry.) |f there is no keyboard
activity for 5 seconds, the conmputer wll
proceed to the next step.

The conputer says: "Please press "1" if you
would |1 ke to get other transit information".
|f the user presses "1", the computer returns
to Step 3. If the user presses any ot her keY,
or if 5 seconds elapse, the conputer wll
termnate the call.

The conputer says: "Enter "1" if you are
Interested in weekday transit information, '?°
If you are interested in Saturday transit
information, or "3" if you are interested in
Sunday or holiday transit-information". The
user enters 1, 2, or 3. Any other response,
or no response for 5 seconds, will be treated
as a "1".

The computer says: "Please enter the earliest
tine you can leave the origin checkpoint as a

four-digit number". The user enters a four-
digit nunber.

The conputer says: "Please enter a "1" if
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this time is AMor a"2" if this time is PM,
The user enters a "1" or "2". Any other
response or no response for 5 seconds; will be
greated as a "2'. The conputer skips back to
tep 7.

2A2. | ning | ' d bus and rail
. . . P . ; o
(Direct. Phone: XXX-X122)

Since this procedure is alnost identical to that in
the preceding section, where the earliest tinme of
ﬁeparture I's given, the steps will not be repeated
ere.

2A3: L Ni ' ' | taxis, airport shuttles
conventl ona par atransit services
(Direct Phone:  XXX- X123

For the initial denmonstration of CST, this function
w || be handl ed by trained operators who w ||
collect information from the .caller on origin,
destination, size of traveling groups, requested
departure time, anount of |uggage, etc. and enter
it into the computer. The conputer will transmt
information about the closest origin and
destination checkpoints to all participating®
paratransit operators who can provi de
transportation services between these checkpoints.
The operator will review the "bids" received from
t hese operators and will provide alternatives to
the caller. After the caller has nmade a choice,
the operator will transmt the nane of the caller
and the origin and destination addresses to the
sel ected paratransit operator and wll transmt
“sorry" messages to all others who expressed an
interest in providing the ride.

Thi s approach assunmes that nost callers are not
famliar with either the Iocal area or with the
full range of available |ocal paratransit services,
and that nost would Iike to have an "agent" or
"broker" help them obtain the nost "cost-effective"
service available. Wth a single phone call, this

*Participating paratransit operators are those that are
properly insured and |icensed to provide transportation
services in part or all of the local CST service area
and who have agreed to provide Caltrans a small comm ssion
for brokerage services.
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agent could help them |l ocate the closest available
taxi, for exanple, or a less costly jitney or
shuttle service. The agent would also let riders
know the approximate cost and the approxi mate
travel time when they call

2M. Registering for conventional carpool and vanpool
maicnhing services (Direct Phone: XXX-X124)

Calls for these services will be automatically
transferred to the local rideshare matching agency.

2A5. Redgistering for special transi aratransit_and
ridesharing services (i.e. CST cards) (Drect
Phone:  XXX- X125)

Calls for these services wll be automaticall
transferred to the CST HELP desk to assist the
caller in finding the nost convenient registration
office, since The applicant will need to be
Photographed and issued an account nunber, and an
|.D. card, and register a four-dlglt per sonal

I dentification number (PIN), which will serve as an
electronic signature for future transactions.
Per haps these functions could be provided by
California's Department of Mdtor Vehicles (DW).

B : :
(Direct Phone: XXX-X130)

Two inportant purposes for registering users of flexible-
route public transportation services and issuing account
nunbers, identification cards and PINs, are to mnimze
"false alarnms" (i.e. false requests for special
transportation services) and to inprove the security of
both riders and drivers. The following is the procedure

a user would follow to access any restricted AR S
servi ces:

The conmputer will say, "Please enter your account
nunmber now". The 'user wll enter his or her
account numnber.

The conputer will say: "Please enter your
Personal |dentification Code now'. The user will
enter the four digit PIN.

If the PIN is correct, the computer will skip to

the users special request. I'f the PIN is not
correct, the conputer will ask the user to reenter
it up to three (3) tines. |f the PIN number is
still incorrect, the conputer will advise the user
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that he or she is being disconnected because the

"Personal ldentification Code" is invalid. The
computer will also record this possible attempt to
obtain someone's PIN nunber and wll take

appropriate action, including special' nonitoring
prﬁgrans or changi ng account nunbers and PI N
numbers.

Readers who own AT&T or other tel ephone credit cards wll
recogni ze that the procedure is very simlar to that used
to charge | ong-distance telephone calls. In fact, users
may wish to use their telephone credit card PIN or bank
credit card PIN as their CST personal identification
nunber to make it easier to renenber. The security
procedure is also very simlar to that used by the
Charles Schwab brokerage firmto buy and sell stocks via
its TeleBroker systemand by the State of North Carolina
for filing unenploynment insurance clains.

Two other purposes for registering users is to make services
easier to use and to mnimze input errors. Registered users
may prestore detailed definitions for memonic (i.e. easy to
remenber) codes and use these codes for:

Origin and destination checkpoints (e.?. HC = Home's
cl osest) Checkpoint = 1043; SC = School's (cl osest)
eckpoint = 2078).

Oigin and destination addresses for door-to-door
services (e.g. H= 23 Elm Street, Westwood; W= 1088 King
Street, Santa Mbnica).

Ride definitions (e.g. HW= A ride from Hone (e.g. 23 El'm
Street,' Westwood) to work (i.e. 1088 King Street, Santa
Moni ca), as soon as possible, one person (male).

The use of easy-to-renenber codes, will make CST nore
convenient to use' and will reduce input errors. For exanple,

users should find it much easier to remenber the nane of the
checkpoi nt nearest home as "HC' rather than 1043. The use of
menoni ¢ codes Wi Il also make it easier to request door-to-

door and flexible-route transportation services. Rather than
trying to use the touch-tone key-board to enter "23 El m
Street, Westwood", for exanple, each time a user wanted to use
his or her hone address as either an origin or a destination
checkpoint, the user need only enter "H" which had earlier
been registered as an individual' checkpoint code for that

"I'ndi vidual checkpoints are special paratransit or_ridesharing
pi ckup and delivery points specified by a user. The |ocation
of each user's individual checkpoints will in be that user's
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address.  Special user information, such as a wheelchair |ift
is required, will be available in the user's file record and
will not need to be entered for each trip by the user

The biggest time savings WII| occur when using a mmenoni c code
to enter the conplete description of a public transportation
trip, particularly a trip that includes door-to-door service.
ﬂmrmammccmb(ﬂftoyxleneropnwmmsfMImmdbya
*) ~not only provides access to origin and destination
information, it may also provide access to information on the
requested time of departure or arrival, or the nunber of
people in the traveling group. In the event of a mnor change
in travel plans, users wll be able to nDdle the requested
time of departure or arrival or the number of people in the
traveling group by calling the tel ephone operator (i.e.
pressing the "0° or "Operator" key). f the user requests a
route-déviation or a demand-responsive ride (i.e., one that is
not served on a regular transit route) and he or she does not
show up, the user's account will be billed a penalty fee
(e.g., $/.00, since the vehicle and driver had to nake a
spe%lal trip to meet the user's request.

Restricted CST services provide information to registered card
hol ders and their guests about:

28l . Obtaining rides on all available fixed-route,
route-deviation and denmand-responsive transit,
paratransit and ridesharing services, given the
user's earliest tine of departure.

2B2. otaining rides on all available fixed-route,
route-deviation and demand-responsive transit,
paratransit and ridesharing services, given the
user's latest tine of arriva

2B3. Qobtaining rides on all available fixed-route,
route-deviation and denand-responsive transit,
paratransit and ridesharing services, given the
user's prestored ride specifications.

(Readers not interested in detailed descriptions of how
to use each of these interactive services may skip to
Section 3 on page 38)

The foll owi ng description assunes that the service area has
fixed-route, route-deviation and demand-responsive nodes of
public transportation, | f any of these nobdes are not
available in the, service area, they will not be included in
the evaluation of alternative nodes and will not be offered to

file records.
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users.

2Bl. Obtaining rides on all available fixed-route,
roufe-devi af1on and demand-r esponsi ve public
fransporfafion Services, qiven the user' s earl | est
Line of departure (Direct Phone: XXX-X131)

This section will describe how one can use an audiotex-
based CST systemto request information about both
restricted and non-restricted rides on a |ocal public
transportation system The systemw || examne all the
alternatives avail able between two checkpoints and w ||
provi de the user about the "best' rides available. The
computer will use criteria specified by the user or
hi storical rider Freferences to find up to'ten (10) rides
that meet the caller's transportation needs.

The conputer will first give the user its "hest" trip
recommendation. The user can use the "F' and "B" keys on
the telephone to work his or her way forward or back
through the list of rides descriptions or the "R" key to
rePeat any ride description. It should be noted that
t el ephone operators will be available at all tinmes to
assist the user in the event of a problem However
there may be an additional charge for "operator-assisted
calls. The following are the steps a registered CST user
woul d take to obtain information about a ride from an
I ndi vi dual checkpoint (e.g. work address) to the regular
checkpoint closest to the individuals home:

1. Enter CST account nunber and PIN. [f invalid after
"three trips, take approPrlate security precautions
and disconnect user. It valid, continue.

2. Enter origin checkpoint code or number. User
enters "W, which has been defined in the user's
CST file by his or her work address (i.e. possibly
a nunbered stall in the enployee's parking lot).

3. Enter destination checkpoint code or nunber. User
enters "CH', which has been defined in the user's
CST file as regular checkpoint 3314,

4. Enter the nunber of people in traveling group.
User enters a one. or two digit nunber. Thi s
information is inportant in dispatching a large
enough  vehicle or sufficient  vehicles to
accommodat e the travel[nP group since the CST
conputer can dispatch a dial-a-ride mnibus or even
a contract taxi if this is the nmost cost-effective
appr oach. Since the caller in this exanple
specified an origin checkpoint that was not a
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regul ar transit checkpoint or a route-deviation

checkpoint, it is likely that he or she wll be
pi cked up by a small paratransit/ridesharing
vehicl e.

b. Enter the earliest time of departure. The user

enters a four digit nunber and, if necessary, a
code to indicate whether the time is AMor PM

6. The CST conputer will search through the public
transportation alternatives available and w |
prepare a "list" of up to ten (1%) that neet the
criteria specified by the user e.gs uar ant eed
seating, no transfers) in his or her CST file. The
conputer will first give the user its "best" trip
reconmmendation. The user can use the "F' and "B"
keys to search through the list and can select the
"one" that he or she prefers by pressing the "#"
key imediately after the trip description is read
by the ARI'S conputer

7. The CST conmputer WII then ask if the registered
user would like to get additional information. If
'ves" , the conputer will return to Step 2. If
"no" , the conputer will termnate the call

Several points should be noted in this exanple. Firstly,
the system will not only. exam ne scheduled transit
alternatives for a registered user, it wll also exam ne
paratransit and ridesharing alternatives. Secondly, .if
the user does not specify a regular or route-deviation
checkpoint as the origin or destination for a public
transportation trip, the CST conmputer will probably
assign a small-vehicle paratransitor ridesharing service
w th guaranteed seating. Thirdly, for registered users,
CST is both an infornation service and a reservation/
transaction service. As soon as the user presses the "#
key (See Step 6), CST accepts this as an electronic
signature for an order for transportation services. |f
the user does not show up to accept the ride, his or her
account will be charged a penalty fee. Note: If the
ride is on a schedul ed transit vehicle between two
regul ar checkpoints, it is not considered a transaction
because no additional vehicle was either dispatched and
no existing vehicle was re-routed.

2B2. otaining rides on all available fixed-route,
rout e-devi ation and demand-r esponse public

transportation services, given the user's |atest
time of arrival. (Direct Phone: XXX-X132)
Since this procedure is alnost identical to that in the
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precedi ng section, where the earliest tine of departure
IS given, the steps wll not be repeated here.

2B3. Obtaining rides on all available fixed-route,
route-devi ation and demand- response public
transportation services. given the user's prestored
ride specifications. (D rect Phone: XXX-X133)

The followng are the steps a registered user would take,
for exanple, to obtain Information about door-to-door
service between hone (H and work (W:

1. Enter account number and PIN.  If invalid
after three tries, take appropriate security
precautions and di sconnect user. I'f valid,
conti nue.

2. Enter a prestored ride specifications code (up
to 6 characters or digits followed by a *),

which will provide origin checkpoint nunber,’
destination checkpoint number, nunber of
persons in traveling group, and requested tine
of departure/arrival.

The  conputer will search through the public
transportation alternatives available and will prepare a
“"list" of up to ten (10) that neet the criteria
specified by the user in his or her file. The conputer
wll first give the user its "best" trip recomrendation.
The user can use the "F' and "B" keys to search this |ist
and can select the one that he or she prefers by pressing.
the "¢ key immediately after the trip description is
read by the CST conputer

A videot ex- based Advanced Rider Information Subsystem (ARI'S) woul d
closely follow the preced|n? steps for an audiotex-based subsystem
and will not be discussed further in this report. It should be
noted, however, that videotex systems will be nore user-friendly
aﬂd xnll provide many nore capabilities than audiotex systens inh
the future.

Section 3 - Advanced Driver Information Subsystem (ADS)

As in the case of requests for parataxi rides, four basic
specifications are required for drivers to offer parataxi rides,
These, are the:

Driver's origin
Driver's destination

1.

2.

3. Pl anned tinme of departure/arrival _

4. Nunber of seats available (i.e. passenger capacity)
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These same trip specifications can also be used to give a driver
more timely and accurate information about traffic conditions
between his or her origin and destination or to recommend the best
routes between the origin and destination. It will also be
possible for each driver to pre-store frequently used trip
specifications in his or her naster file to make the system easier
to use.

There are also two |levels of ADIS services, (A) those for the
general public and (B) those only for registered CST users:

3A.  General ADIS Services - No CST Registration Required
(Direct Phone: XXX- X140)

These services provide information to the general public

about :

3A. Traffic conditions between any two market (regular
or route-deviation) checkpoints, given the driver's
planned time of departure.

3A2. Traffic conditions between any two nmarked
checkpoints, given the driver's planned tinme of
arrival .

3A3. Latest traffic conditions on nmajor roads or
hi ghways.

3Ad. Public ~parking facilities near any marked
checkpoi nt .

3A5. Regi stering for conventional carpool and vanpool
mat chi ng servi ces.

3A6. Regi stering for special driver information services

(i.e. CST registration procedures).

(Readers not interested in detailed descriptions of how
to use each of these interactive services may skip to
paragraph 3B oa Page 43.)

3A. Qutaining information on traffic conditions,

bet ween _any two marked checkpoints. aiven the
planned tine of departure. (Direct Phone:
XXK- X141)

This section wi |l describe how one can use an
audi ot ex- based CST to request information
about traffic conditions between any two
points in the service area. Concept ual Iy,
this information will be retrieved from a
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matrix of reasonable routes for each origin-
destination pair for norning comuting hours,
m dday, afternoon commuting hours and other
times. Once a request is entered froma
touch-tone tel ephone, keyboard, the conputer
systemw || examne the available alternatives
and will provide the user with information
about the "best" routes available. The
conputer will use criteria specified by the
user or historical driver preferences to find
up to ten (10 routes that neet the caller's
travel needs.

The computer will first describe what it has
selected as the "best" route for the user.
The user can listen to information about the
other route possibilities by using the 'f' and
"B" keys to work his or her way through the
list of possibilities. The "R" key can be
used to repeat any route description. The
fol |l owing sections will describe howto use an
audi ot ex- based Advanced Driver Information
Subsysten1(Auf?. It should be noted that
t el ephone operators will be available at al
tinmes to assist the user, in the event of a
problem  However, there nay be an additiona
charge for"operator-assisted" calls.

It is assunmed thatusers have access to a map
that shows the nunmbers of all check-points in
the CST service area. The following are the
steps a user would take to obtain information
about traffic conditions between two marked
checkpoi nt s:

L. The conmputer says: "Please enter "1" if
you are dr|V|n% a notorcycle, autonobile,
van or small truck or a "2" if you are
dr|V|n? a larger vehicle. | f anyt hi ng
other than a "1" is pressed (or if there
is no answer within 5 seconds), the
computer Wi |l assume the caller i's using
a larger vehicle and wll skip to Step 2.
This tfeature is necessary because, some
| arge trucks are excluded from sone
streets, neighborhoods, bridges, etc. at
certain tinmes.

2. The conputer says: "Please enter "2" if
you are a two-axle truck, "3" if you are
a three-axle truck or trailer-truck, or
"4" if you are larger. If anything other
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than a "2" or "3" is pressed, the
computer wll assune a "4" has been
sel ect ed.

The conputer says:  "Please enter the
nunber of the checkpoint closest to your
P0|nt_of origin". The user enters a
our-digit nunber.

The conputer says:  "Please enter the
nunber of the checkpoint closest to your
destination point." The user enters a
four-digit number.

The conputer says: "If you are
interested in obtaining infornation about
traffic conditions during the next 12
hours, press the "1" key.  If you are
interested in traffic conditions at other
times, press the "2" key. If the user
presses the "2" key, the conputer skips
to Step 9.

The conputer says: "It is now (TIME)
(AMPM or (DAY OF WEEK). Pl ease enter
your planned tinme of departure as a four
digit number now"  The user enters a
four-digit number.

The conmputer wll search through the
origin-destination matrix for that day of
the week and time period and will fel
the caller the "best" route between the
two checkpoints. The user can hear about
alternative routes by us of the "F' key
and the "B" key,as described previously.
The conputer will termnate the cal
after five mnutes.

The conPute( says: "Please press "1" if
you would like 1nformation about public
par ki ng near Kour destination
(checkpoint). If the user presses "l
the conputer skips to Step 2 of Section
3M - reﬂuestyng I nformation about public
parking tacilities. If the user presses
any other key, or if 5 seconds el apses,
the computer will termnate the call.

The conputer says: ‘"Enter "l" if you are
interested in" norning commuter hours
traffic information, "2" if you are
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3A2.

3A3.

3Ad.

interested in mdday traffic information,
"3" if you are interested in afternoon
commuter hours traffic information or "¢
if you ~ are interested in traffic
information at other tinmes. Any other
responses, or no response for 5 seconds,
wll be treated as a "4".

10. The conputer says: "Please enter the
earliest time you can |leave the origin
checkpoint as a four-digit nunber." The

user enters a four-digit nunber.

11.  The conputer says: "Please enter a "1"
if the timeis AMor a "2" if this tine
Is PM" The user enters a "1" or "2".
Any other response, or no response for 5
seconds will be treated as a "2". The
conput er skips back to Step 7.

bt ai ni ng i nformation about traffic

congestion. given the planned tine of arrival
(Direct Phone: XXX-X142)

Since the procedure is alnost identical to
that in the preceding section, where the
planned tinme of departure is given, the steps
will not be repeated here.

(btaining the latest information about traffic
ngestion_on N [ [

The conputer will list the major routes, in
order of popularlt%, and ask the user to enter
a "1" as soon as he or she hears the name or
the nunmber of the route of interest. As soon
as the "1" is pressed, the conputer wl|
describe the traffic ~conditions in both
directions or the route. The user can nove
forward or backward through the [ist with the
"F" or "B" keys.

Ootaining informati on about public parking
facilitj i lar or
iatj i Direct Phone:

1. The conputer will say: "Enter the marked
checkpoi nt nunmber ~closest to your
destination". The user enters a four-

digit nunber.
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2. The computer will search its files and
give the caller a list of the. addresses
of the "best" parkln% facilities close to
the (destination) checkpoint.

3. The user can use the "F" and "B" keys to
work his or her way forward and backward
through the |ist.

3A5. Registering for conventional carpool and vanpool
maiching services. Direct Phone:  XXX- X124)

Calls for these services will be autonatically
transferred to the local rideshare matching agency.
(NOTE.  This is the sanme as Section 2A4).

3A6. Reqistering for special driver information services

|.e (ol registration proceduresl. (Direct Phone:
XXX- X125

Calls for these services will be autonatically
transferred to the CST registration agency. (NOTE
This is the sane as Section 2A5).

3B. Restricted ADIS Services - CST Reqgistration Required.
(Direct Pnhone: XXX- X150)

As in the case of the Advanced Rider Information Subsystens
(ARI'S), all of the above information services require the user
to have a CST account nunber, identification card and persona
i dentification nunber (PIN). Each restricted ADS request
wll require the user to go through the sane security
procedures as previously described for APIS requests. The
registered CST user wll also be able to | earn of
opportunities to offer parataxi rides if he or she has been
authorized to serve as a parataxi driver.

In order to further increase security, parataxi drivers wll
be required to enter a prestored vehicle code which will
i dentify which vehicle the driver will be using if he or she
owns nultiple vehicles and wll serve as another password.
The vehicles description, including make, year, nodel, color
and license "number" will be transmtted to approved parataxi
riders after the CST files have been checked to determ ne that
the vehicle has not been reported as stolen, that the vehicle
Is still properly insured, that the vehicle has a valid safety
certificate, etc.

Restricted CST services(ynovide information to registered
cardhol ders and parataxi drivers about:

43



3BL. Traffic conditions and parataxi ride offer
opportuni ties between any two checkpoints, given
the driver's pl anned tine of departure.

Checkpoints can be marked or unmarked (i.e.
i ndi vidual ).
3B2. Traffic conditions and parataxi ride offer

opportunities between any two checkpoints, given
the driver's planned tine of arrival

3B3. Traffic conditions and parataxi ride offer
opportunities between the two checkpoints specified
in a user's prestored trip description

(Readers not interested in detailed descriptions of how
to use each of these interactive services my skip to
Section 4 on Page 46.)

3Bl. Qbtaining information about traffic conditions and
parataxl_ride offer opportunities between any two
checkpoints. aiven the planned time of departure.
(Direct Phone: XXX-X151)

The first ten (10) steps of this procedure are
al nost exactly the sane as those described for
unregi stered CST users to'obtain information about
traffic conditions between two marked checkpoints
(See Section 3 Al). Instead of limting users to
mar ked checkpoints, however, they will also be

allowed to use unnarked (i.e. I ndi vi dual )
checkpoints and memonic names or codes for
checkpoints. In addition, instead of disconnecting

the user or transferring the user back to the main
ADIS audiotex nmenu after the traffic congestion
information is presented, the systemwl| add the
follow ng steps:

11.  The conputer says either "There is no
regi stered person looking for a parataxi ride"
and returns to the main ADS nenu or "There is
a regi stered person |ooking for a parataxi
ride’in your planned direction. If you are
interested enter your vehicle identification
code". The drivér enters a two character/
glglt code for the vehicle he or she plans to

rive.

12. If the vehicle identification code is valid,
the conputer will go to the next step. If the
code is not valid, the conputer will ask the
user to reenter it up to three (3) times. |f
the code is still incorrect, the computer wll
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advi se the user that he or she is being
di sconnect ed because t he "Vehicle
| dentification Code" is invalid. The conputer
wi |l also record this possible attenpt to
obtain someone's vehicle identification code
and will take appropriate action, including
special nmonitoring progranms or changing
account  nunbers. PIN™ nunbers, vehicle
Identification codes, etc.

13.  The conputer says: "Please pick up (M./Ms.
), a party of ( 2 at_ (
(marked checkpoint ~nunbef 1f ° —avarTable

bet ween ( ) .and ( ) and deliver
hi nf her) and __his/her— compani on(s) to

It -is - now (tinme).

(H s/ Her) rdentification card nunber 1s

. This message may be repeated by
pressing the "R" button or your touch tone

t el ephone”.
14,  The conputer says: "Please enter "#" if you
agree to agree to give (M./Ms.) a
arataxi ride". | the user enters anything
ut a "#" the conputer will disconnect the
call. If the user enters a "#", the conputer

will say, "Thank you for ridesharing" and go
to the next step.

15.  The conputer wll record the transaction,
debit the rider's account, credit the driver's
account, and renove their nanes fromthe
active parataxi lists and disconnect the call.

3R, . . . . .
ride of fer opportunities etween any fWO

checkpoints given the planned tinme of arrival
(Direct Phone:  XXX-X152)

Since this procedure is alnost identical to that in
the preceding section, where the planned tine of
departure is given, the steps will not be repeated

here.
3m3. . . : 5 .
arataxi ride offer opportunities, %lven EHG
dri ' ' ifications: (Drect
Phone: - X153)

The following are the steps a rggistered CST driver
woul d take,  for exanple, to oObtain information

about traffic conditions and parataxi ride offer
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opportunities between work (W and home (H):

1. Enter CST's account nunber and PIN. |f
invalid after three tries, take appropriate
security precautions and disconnect user. |f
valid continue.

2. Enter a prestored ride specifications code
(e. WH  which  wll  provide origin
chegkp0|nt nunber,  destination checkpoint
number, nunber of persons in traveling group
and requested tine of departure/arrival

3. Enter the appropriate vehicle code when
requested. The systemw || search through the
best routes between the origin ( and
destination (H) and provide a report of
traffic conditions. The CST conputer wl|
then advise the driver if there is a
regi stered user waiting for a parataxi_ride in

his/her direction. If the driver is
interested in providing a ride, the system
will also provide pickup and delivery

i nstructions.

A videot ex-based Advanced Driver Information Subsystem (ADS) woul d
cIose[Y follow the preceding steps for an.audlotex-bas?d sHbs st%m
and will not be discussed further in this report. t should be
noted that videotex systems will be nore user friendly and wll
provi de many nore capabilities than audiotex systens in the future.

Section 4 - Additional Comments on the Design of CST

Figure 10 describes the flow of information for processinP of
parataxi ride offers and ride requests in CST. Figure 10 could be

modified to allow private operators to offer supplenentary fixed-
route and route-deviation transportation ~ services ° USInNg

aut onobi | es, vans, mnibuses or even large buses. |n Jerusalem
for exanple, taxis are allowed to operate as jitneys along existin
bus routes during peak commuting hours. Al though their “fares ar
hi gher than governnent-operated buses, the fixed-route taxis
provide guaranteed seating, have shorter headways and nake fewer
stops to pick up and drop off passengers. These jitney services
are popular with both riders and government officials who are faced
with tight budgets. A simlar approach in the U S would enable
many communities to provide extra transit capacity during peak
comuting hours at a low cost to taxpayers

Al though CST is designed to give the driver infornmation before he
or she starts a trip, it can easily be nodified to notify the

driver of inmportant changes (e.g., traffic accident delay, parataxi
ride cancellation) while enroute, if the driver's vehicle is
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equi pped with a mobile termnal, such as a cellular telephone or a
not ebook conputer. The availability of PCN "telephones" in the
future will also be able to alert riders of any changes in their
schedul ed parataxi driver's plans.

FIGUORE 10
PARATAXI TRANSACTION PROCESSING

ENTER

Figure 11 describes the procedure that could be used to match
parataxi drivers and riders. In this flowhart, it is assuned the.
parataxi service area is divided into a square grid. The procedure
attenpts to find riders that are as close as possible to the

driver's originin order to ninimze rider waiting times. In fact,
it wll first look for riders that have origins in the sane square
as the drivers origin. If no match is found, it will nove to the

next square in the direction of the driver's destination. Figure
11 could be nodified to use non-square grids, polar coordinates,
etc. if this is a nore convenient way-to handle the matching
process for the available data.

Task 9 - FEvaluate Test Sites

One of the objectives of this study was to neet with Caltrans
personnel in San Diego, Orange County, Los Angeles, San Francisco
and Sacramento to identify suburban sites that would be well suited
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FI GURE 11
MATCHI NG PARATAXI RI DE OFFERS AND REQUEST
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for conducting operational tests of CST and parataxi services. The
following are some of the characteristics of attractive test sites:

1. Severe and growing traffic congestion problens.

2, Enpl oyers with experience in conputers, teleconmunica-
tions and related high-tech businesses who mght wish to
be private-sector partners w th USDOT/FTA, Caltrans and
ot her organi zations.

3. Local governnent, business and comunity |eaders who have
exhibited a wllingness to try innovative approaches to
solve their transportation problens.

4, Avai l ability of good baseline data.

Only suburban sites were considered in this study because of their
increasing traffic congestion problens and the difficulty of
FrOV|d|ng cost-effective bus and rail transit services in these

ow-density areas. Appendix D contains a summary of the names and
titles of the Caltrans personnel who participated in these
meet i ngs.

Meetings were then held with governnent, business and comunity
| eaders in each of the areas suggested by Caltrans to et them know
about this study and the possibility thattheir city,
transportation management association (TMA), business park, etc.
mght be invited to part|0|ﬁate in a CST denonstration project.
Appendi x D also contains the names and affiliations of these
people. Mterial was collected about the nost promsing test sites
and anal yzed. Working papers were prepared about the follow ng
five (5) sites:

1 UCLA/ st wood _ _

2. Tri-Valley Area, including San Ranon,
Pl easanton and Livernore

3. North Gty TMA Area

4. Rosevill e

b. Sim Valley

The follow ng are descriptions of UCLA/ Westwood and Pl easant on/ San
Ramon from a study financed by the Federal H ghway Adm nistration
(Ref. 7) that provides excellent baseline data:

1LD_AMM§IJAD_Qd_LD_Lh£_LQ§_ADg£J_E§_NEIJ&DDLLL&D_ALQ%
UCLA is located in Wstwod area of Los Angeles. ome 34, 000

students attend UCLA, and over 18,000 people work on canpus.
Westwood is a diversified mpjor activity center, Wwth
restaurants, retail and office act|V|%y, Pjus an af fluent
residential comunity of about 37,000. Traffic in Westwood is
extrenelﬁ congested, and the conmunity has maintai ned pressure
on the University to nanage the traffic generated by its
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student and enpl oyee popul ation. The University had devel oped
a conprehensi ve managenment program which incluydes strategic
use of its parking facilities, express and shuttle bus
services, a carpool program and an extensive vanpool program”

Tri-Valley in the San Francisco Metropolitan Area, includin
three large enployment centers in San Ramon, Pl easanton an
Li ver nore.

A San Rampn, particularly the Bishop Ranch Business Park

"Bishop Ranch is a nodern business park |ocated at the
eastern fringe of the San Francisco netropolitan area,

near the town of San Rampn, In Contra Costa County.

Bi shop Ranch is about 35 mles from San Franci sco, and
the area in which it is located is of extrenely |ow
density. It has becone the hone of several mgjor
organizations W th significant enpl oyment space
requi rements, such as Pacific Bell and Chevron, which
were fornerly located in San Francisco. the park has
been in existence since the early 1980, and its
enploynent,  which is predom nateIR)E/i white collar
prof essional, nunbers 14,000. Bishop Ranch's two prinary
devel opers were placed under a requirenent by Contra
Costa County to reduce their peak hour vehicle trips by
40%  They have satisfied this requirement through a
conbination of alternative nodes and flexible wo k.hour%

with a significant role played by flextine. Helping the
| arge number of enployees In the relocation to the new
of fice space was an inportant factor influencing early
success of the program A TMA has been forned in” Bi shop
Ranch to assist with the transportation managenent
program The TDM program of Pacific Bell is an exenplary
I ndivi dual effort.”

B Pleasanton, particularly the Hacienda Business Park

"Haci enda Business Park is a very simlar situation to
Bi shop Ranch, It is located just south of Bishop Ranch

along 1-680 in Al aneda County. Hacienda is located near
the town of Pleasanton, which effected a TDM ordinance'in
conjunction with the pIannlq? of Hacienda, _fo limt the
traffic inpacts of the new devel opment. ~ The ordinance
requires a 40% reduction in peak period vehicle trips for
all' large enployers, and it applies to_the entire city of
Pl easanton as wel [ as Haci enda. The enpl oyment at
Haci enda is just under 8,000 and the Gty of Pleasanton,
i ncl udi ng Haci enda, has an enploynent of” about 22, 000.
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Haci enda has achieved its reduction goal through a
conbi nation of alternate node prograns and flexible work
hours, with nost of the reductions achieved through tine
shifting. Again, relocation assistance was i nportant to
the success the TDM program  Wthin Haci enda Busi ness
Park, the program of AT&T serves as another exenplary

i ndi vi dual effort."

C Livermore, particularly the Lawence Livernore Nationa
Laboratory

The Lawrence Livermore National Laboratory enploys 7,000
workers and the Sandia National Laboratories enployees
another 1,000 workers.  These |aboratories have |arge
carpooling and vanpooling prograns. They al so have a
| arge percentage of know edge workers who “use conputers
at their jobs and have personal computers in their hones.

Most if not all of these workers have al so undergone
extensive background |nvest|?at|ons before bei ng al | owed
to join the work forces of these |aboratories.  The
security level among these enployees should be very high

It may also be desirable to include the Gty of Dublin in with San
Ranon~ Pl easanton and Livermore to provide a contiguous test area.

|t should be noted that the UCLA/ Westwood site is covered by
Regul ation XV and both San Ranon and Pl easanton in the Tri-Valley
area are covered by traffic mtigation ordi nances which require

maj or enpl oyees to devel op programs to discourage the use of
singl e-occupant autonobiles by their enployees. The following is
a brief descr|5gﬁon of the other three sites recomended to
gg#trans and USDOT/ FTA as attractive sites for operational tests of

3. North Gty TMA in the San D ego Metropolitan Area

Thi s' rapi dl y-growi ng, nmedi umdensity, suburban enplognent and
residential area in San Diego is bounded b HIEEWHK 2 to the
South, the Pacific Ccean to the West, Del r Heights Road to
the North and Canmino Santa Fe to the East. Nh{or enmpl oyers
i ncl ude SAIC, UC- San D ego, Unlver3|1¥ Town Centre, Scripps
Menorial Hospital and First Capital Life Insurance. These and
ot her enployers have established the North Gty Transportation
Management Association (TMA), which provides collectively-
financed products and services designed to neet the needs of
over 40,000 enployees in the area. Because of éa) this hard-
wor ki ng and i magi native TMA, b) the lack of good public
transportation for suburb-to-suburb travel, and %c) a IarPe
retirement community in LaJolla, the North City area could
provi de several groups of 5 000-10,000 people to test
audi ot ex- based parataxi services for both commuter and E&H
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transportation services. Regulation XV-the ordi nances are
also in the process of being inplenmented throughout San Diego,
which will provide incentives for enployer participation in
operation tests of innovative concepts.

4, Roseville in the Sacranento Mtropolitan Area

This rapidly growing residential and enploynment center is
| ocated 20 mles northeast of Sacranento on [-80.  Mjor
empl oyers include Hew ett Packard fHP?, Sout hern Pacific,
Rosevill e Connunit¥ Hospital, NEC Electronics and Roseville
Tel ephone. The City of Roseville currently has a popul ation
of 42,000. However, this is expected to nore than double
within the next 20 years. |f either HP or the Sacranento Bee
(which provides general -purpose audiotex services throughout
the Sacranento metropolitan area) becone interested in CST or
other |'VHS prograns, Roseville would be an excellent site to
test audiotex-based strategies for dealing with travel between

the suburb and the central city -(i.e. Sacranentok as well as
intra-suburb travel. A TMA was established in Roseville in
1990- 1991 and traffic mtigation ordinances are now bein

inpl enented. Roseville also has a small bus fleet which coul

econom cally be converted to "smart" buses.

5 Sim Valley in the Los Angel es Mtropolitan Area

This comunity is |ocated 40 mles northwest of Los Angeles in
Sout heast Ventura County and is adjacent to the Western

perineter of the San Fernando Vall ey. It currently has a
popul ation of approxinmately 100,000 and has a small fixed-
route mnibus system and a dial-a-ride system Maj or

enpl oyers include the Sim Valley Unified School District,
Farners Insurance, First InterState Bancard, Sim Valley
Adventist Hospital, Mcom Systems, Wittaker Electronic
Systens and Wanbol d Furniture. Sim Valley also has an
ext ensi ve vanpool programto transport residents to the San
Fernando Valley and to Los Angeles. A TMA was organized in
1990.  Because of both its isolation and ?romnng traffic
congestion problens on H ghway 118, Sim Valley would be an
excellent site to test ™ the capabilities of an
audi ot ex/ vi deot ex-based ATIS to integrate transit, paratransit
and ridesharing services in a nmediumsized urbanized area.

California has many other urban, suburban and rural communities
Eg?t woul d al so be excellent test sites for operational tests of

Pr re Final Report/Sli Pr n Lon

This docunment is the final report of Phase |, of the Cﬂ ifornia
Smart  Travel er (CEg% proj ect. ~The script for the slide
presentation about T and parataxi concepts is available as a
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wor ki ng paper. The slides show CST-1ike systens alreaqy operatin
successfully in Germany and outline the expected performance o
parataxi systems (i.e., Figures |-5) in U'S. communities. The
slide presentation was prepared to brief business, government and
comunity |eaders who live in or near possible CST test sites.

CONCLUSI ON

Alnmost all of the major telecomunications conpanies (e.g. AT&T,

GTE, PacBell, Aneritech, US West) and alnost all of the mgjor
conput er conpanles.ée.g. | BM DEC, UNIVAC) provide or wll soon

rovi de audi ot ex/vi deotex systens and services that could be used

or CST.  Sone of the hardware and software for these systens were
devel oped in-house, others purchased them on an OEM basis from
smal | er conpanies, such as sone of those |isted in Appendix D.
There are al'so a number-of information services conpanies, such as
COVPUSERV. Prodlgx,. GE Information Services and Dun & Bradstreet,
who coul d adapt their systens to include CST capabilities.

| f carefully-designed demonstration projects show that CST can
provide a way to reduce traffic congestion, gasoline consunption

air pollution and nobility problens In a cost-effective manner, it
will create a |large market for audiotex- and videotex-based CST
systems.  The vol une of dally parataxi transactions and the vol ume
of requests for information fromboth drivers and riders woul d nake
the market for CST systems nuch larger than the market for 9-1-1
systens and airline reservations systens.

The widespread availability of CST would enable many famlies to
save hundreds of dollars 'a nonth by elimnating the need for a
second or third car. It would also. enable many other famlies to
earn $50 to $150 a nonth by providing parataxi services for
nei ghbors and co-workers. Famlies should be more than willing to
spend $I O-$30 per nonth on CST and other audiotex and videotex
services if they can save/earn considerably nore than these

i nformation services cost.

Moreover, if CST capabilities are included in a multi-purpose
comunity information system - which include hone-banking,
t el eshopping, electronic mail and a variety of other audiotex and
vi deotex services - the market for conputer and tel ecomunications
hardware, software and services could reach billions of dollars a
year. In addition to creating a wide variety of new business,
enpl oynment, education and recreation opportunities, these comunity
information systems could further reduce the need for travel
articularly single-occupant vehicle travel during peak conmmuting
ours.

The CST specifications contained in this report should be viewed as
a first draft. It is assuned that these specifications will be
modi fied after they are reviewed by business, governnent and
community |eaders of conmmunities that will serve as test sites for
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CST and other |VHS concepts. It is assumed that these
specifications will be further modified after they are reviewed by

the marketing and technical staffs of conpanies (e.g., conputer
manuf act urers, t el ephone conpani es, systens i ntegrators,

Information service providers) that are interested in teamng wth
Cal trans, USDOI/FTA and others to develop and sell CST.
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Predicting Consumer Demand for
Alternative Transportation”Services
Among Suburban Commuters

Kevin J. FLANNELLY AND MALCOLM S. MCLEOD, JR.

A survey of suburban commuters revealed that their interest in

ridesharing and related transportation system management (TSM)

drategies, other than flextime, was minimal. The disincentive of

high parking codts did not appear to be sufficient to attract riders

to standard transit services. Enhanced service, however, provided.,

an important incentive for transit use. even when disincentives
warecomparatively low. Improvementsin service, including express
buses. reduced access time, and guaranteed sedting, an induce
automobile commuters to use dternative transit or paratransit.

Moreover, decentralization of service from its downtown focus

could open up a sizeable market for aternative transit both among
carpoolers and solo drivers. Interest in dternative transit with
improved savice characterigticsis directly related to commute
time. Thus, increases in traffic congestion may stimul ate demand
for dternative transit, even at higher fares. The balance between
service and farethat will optimizeridership can be easily deduced
for various markets Demand-response transit savicesappear to
provide a feasible and profitable transit aternative, particularly
If they are linked to a computerized, real-time. booking and

dispatching network.

Commutars from East Honolulu experience high leves of
traffic congestion along the only direct route to the isand's
major employment centers. A survey conducted in an eastern
suburb of the island of Oahu was designed to explore the
potential of various transportation system management (TSM)
strategies for easing this congestion.

Of particular interest was commuters inclination to use
dternativeformsof trandt. Fares sarvice characterigtics, hour
of travel (with respect to peak-hour congestion), ease of access,
miles traveled, and commute time all have been shown to
influence mode split and transit ridership (1-3). The purpose
of the East Honolulu survey was to assess the relative con-
tributions and interactions of these factors on choice of mode
and potential demand for aternative transit modes.

METHODOLOGY

Under the aegis of the Hawaii Department of Transportation,
all 8,900 or so households in the section of East Honolulu
shown in Figure 1 were contacted by mail. Becausevirtually
the entire study area is owned by a single developer. a com-
mercia list of al mailing addresses in the specific area of
interest was readily available.

Center for Psychosocial Ressarch, 777 Kapiolani Boulevard. Suite
1824. Honolulu, Hawaii 96813,

A totd of 3,322 households in the target population com-
pleted and returned their questionnaires a response rate of
37 percent.

Most of the householdsin the sample (79.2 percent) con-
sisted of three or four people, and only 13.5 percent were
larger. The mgjority of respondents (60 percent) were between
30 and years d age; 6.7 percent were younger, and 33.4
percent were older. Roughly two-thirds of respondents (64.4
percent) weremale, and morethan 99 percent had a driver's
license.

The questionnaire dlicited data on the demographic char-
acteristics of respondents, their present commuting habits,
and their attitudes toward and interest in using different travel
adternatives. Most of the questions, especially those dealing
with travel dterndtives, required participants to rate their
opinionsand judgments on a scale of 0 to 10 (4,5). This rating
scde allows people to assign aspecific, subjective value to
their attitudes, and it is particularly valuable in asking people
about their probable future behavior (6). The ratings can be
assumed to reflect respondents own subjective probability of
choosng a given behaviord aternative under the conditions
stated in the question (4). For example, arating of 10 assigned
to the likelihood of using an express bus at a $1.00 fare is
assumed to indicate 100 peroant certainty that the respondent
would use an express bus at $1.00 fare. A rating of 0 to the
same item expresses certainty that the respondent will not
take an expresshbus; thet is, that the respondent's subjec-
tive probability of using an express bus is zero under given
conditions.

To obtain demand estimates from these data, each rating
was multiplied by 10. The average, or mean. likelihood score
(the rating times 10) for any question provides an etimate
of the percentage of peoplethat are likely to use a given
dternative. The standard deviation of the mean was used
to caculate an error of estimate (the standard error of the
mean). Although the relationship between respondents’ like-
lihood scores and their actud behavior hesyet to be validated,
this method should prove tobe more accurate than other
commonly used scaling methods for determining consumer
preferences. ) ) o

Continuous variables, such as travel time and the attitudinal
and behavioral ratings, were analyzed by parametric tech-
niques, such as andyss of variance (ANOVA). Unweighted
means ANOVA was used for most purposes to correct for
disparities in sample szeswhen participants were classified
into subgroups such as carpool or solo driver. Wherever pos-
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FIGURE | Primary bighways oa the island of Oahu and
major work sites of commuters from the East Honolulu study

ares.

sshle, the data were analyzed by factorial designs so that the
effects of several independent variables could be examined
simultaneoudly. other parametric and nonparametric statistics
were used as necessary.

RESULTS

Among those defined as commuters (that is, those living far-
ther than 1 mi from work), 44.1 percent traveled roughly 10
mi from hometo work in downtown, an areagpproximetdy
1mi square that includes the capital district, where most state
and municipal officesarelocated. An additional 13.1 percent
worked within 2 mi east or west of downtown (8 to 12 mi
travel from East Honolulu), excluding Waikiki, part of which
iswithin this 2-mi range. About 7.7 percent worked inWai-
kiki, amagjor tourist center southeast of downtown. Another
12.7 percent of commuters worked in the area east Pearl
Harbor that includes commercial and industria establish-
meats near the Honolulu International  Airport. These work
sites are 5 to 6 mi west downtown, 15 mi or more from
East Honolulu. Slightly more than 10 percent of the commuters
traveled more than 20 mi each way to work.

Because of the topography of Oahu, al but 1.2 percent of
the responding commuters madetheir  daily commute along
the same corridor into downtown, much of it on asingle
suburban arterial. Hence, in addition to the 44.1 percent
working downtown, 29.1 percent of the commuters traveled
the same route to get to jobs west of downtown, and another
19.2 percent traveled 7 mi or more with other inbound traffic
each moming to reach job locations east of downtown. Given
this situation, the geographical relationship of commuters'
work sites with respectto downtown might be expected to
have amore profound influence on commuter behavior than
commute distance alone, although the two factorsare dosdy
related in this case (7).

Approximately 92.7 percent of commuters responding to
the survey traveled to and from work by at, 6.4 percent took
abus, and fewer than 1 percent walked or rode a hicycleor
motorcycle. Roughly 67.1 percent of all commuters said they
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drive alone, while 11.7 percent were in two-person carpools.
7.5 percent were in three-person carpools. and 6.4 percent
were in carpools of more than three people. Nearly 80 percent
(78.9 percent) of the people who carpool did so only with
family members, another 12.9 percent were in carpools with
people who are not family members, and the remaining car-
poolers commuted with both family and nonfamily members.

Work Location and Mode Choice

No significant differences were found among modes with respect
to commute distance. The average one-way travel distances
of bus and car commuters were comparable (10.9 and 11.4 mi.
respectively), and no differences in commute distance were
found between carpoolsand solo drivers or among the dif-
ferent types of carpools (family, nonfamily, mixed). The loca
tion of work sites with respect to downtown. however, was
found to exert a significant influence on choice of travel mode.

Generally, the closer people work to downtown, the greater
their likelihood of riding the bus (p<0.001). Only 4.4 percent
of people that work 2 to 4 mi east of downtown commuted
by bus, whereas 8.9 percent of people working within 2 mi
of downtown were bus riders. Bus ridership was highest (12.0
percent) among those who work in downtown, but it was
lowest (1.6 percent) among commuters working west of
downtown.

A dmilar trend was found in carpooling. Among car com-
muters who worked more than 4 mi east of downtown, some
70.4 percent drove alone. This proportion decreased
approaching downtown from the east, reaching a low of 67.9
percent solo driven among car commuters who work down-
town. Once past downtown, the percentage of solo drivers
rose significantly again, to 77.7 percent (p < 0.001). No rela
tionship was found between work location and types of

carpools.

Traasit Service

Clearly, for the commuters surveyed, mode choice was more
afunction of destination than of distance. The results further
suggest that the decision to use transit is also a function of
service. Among the commuters that rode the bus, 17.6 percent
worked downtown and 9.4 percent worked at the University
of Hawaii, the only two work sites having express bus service
from East Honolulu. The sparsty of ridership among people
working west of downtown may reflect the lack of express
service to these work sites, the need to change buses to travel
west of downtown on some bus routes, or both.

The importance of express bus service in the decision to use
mass transit is made more evident by comparing bus ridership
to the university, which is about 2 mi due east of downtown,
with that to Waikiki, which stretches from about 1.5 to 3 mi
southeast of downtown and does not have express bus service.
Only 2.1 percent of the commuters surveyed traveled by busto
work in Waikiki (p<0.001), even though the price of parking
in Waikiki was about 35 percent higher than at the university
(see section on parking costs). To put these percentages in per-
spective, only 1 out of every55 respondents who commuted to
Waikiki traveled by bus compared to 1lout of 8 commuters to
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the university. Only downtown Honolulu, itself, had ahigher
ratio of bus riders to commuters (1 out of 7).

Travel Time

Analysis of covariance, used to control for distance, revealed
that automobile travel was 25 percert faster than bus travel
(p < 0.001), according to respondents’ estimates of their typ-
ical commuting times. Even though the majority of bus riders
in the sample used express hus service, on average, a bus
commuter traveled 1 mi in 4.4 min (approximately 13.6 mph),
whereas a car commuter covered the same distance in 3.5 min
(17.1 mph). The data do not permit separation of in-vehicle
and out-of-vehicle travel time.

No direct relationship was found between travel distance
and travel speed, but travel speed of car commuters was found
to vary with respect to job location. The morning commute
isslowest for people working downtown, and speed increases
in proportion to the distance of job sites from downtown, in
either direction. People who drove through downtown in the
morning to get to job sites west of it had higher average
speeds (25 to 35 mph, depending on distance) than those who
drove to downtown (18 mph) or to areas within 2 mi east of
downtown (18.5 mph).

The faster speeds of workers commuting through downtown
in the morning is explained in part by the difference in home
departure times of commuters. An inverse linear relationship
was found between departure time and commute digance
(r=-0.26, p < 0.001), with car commuters leaving 4 to 5
min earlier for each mile they have to travel. This suggests
that people who worked west of downtown |eft earlier than
other commuters in order to avoid traffic congestion. Pre-
sumably because of the lower speed of bus travel, bus riders
left for work an average of 20 min earlier than car commuters
(p < 0.002).

The distribution of departure times among car commuters
in relation to work location with respect to downtown is shown
in Table 1. On average, carpoolers left for work 20.4 min
earlier than did solo driven (p ¢ 0.003). Further andyses
showed that almost 43 percent of morning commuters trav-
eling toward downtown left home early enough to avoid the
peak-hour traffic east of downtown between roughly 7:00 and
8:00 am. About 39 percent, mainly those working east of
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downtown, traveled during peak westbound (that is inbound)
traffic, and the remaining 18 percent traveled after the peak
hour.

Parking Costs

Only 37 percent of automobile commuters paid to park at or
near their places of work, and in most areas of the island, 70
to 97 percent of workers parked free. Inthemajor commercial
districts of Waikiki and downtown Honolulu, however, about
half of the car commuters paid for parking. Both the per-
centage of people who paid for parking and their average
monthly cost for parking (the monthly price) were signifi-
cantly higher in these two areas compared to al other work
sites (p <0.001).

Asseenin Table 2, parking was one-third less expensve
in areas adjacent to downtown (within 2 mi east or west of
downtown), excluding Waikiki, and the percentage of car
commuters that actualy paid for parking wasless than half
that for downtown. Islandwide, the proportion of car com-
muters that paid for parking at work was inversdy related to
the distance of their work sites from downtown (biseria r =
-0.30, p < 0.001). This relationship aso holds for the price
of parking (r =-0.40, p < 0.001)

Attitudes Toward TSM Strategies

The time of day that commuters traveled to work and the
location d their work sites with respect to downtown each
had significant effects on the attitudes of respondents toward
various TSM strategies. Both of these effects were far more
pronounced than were effects of  respondents mode of travel.
A theeeway ANOVA on morning time of travel (before.
after, or during the peak traffic hour), work location (east of.
west of, or in downtown), and travel mode (bus, carpool, or
solo driver) found that time of travel and work location, but
not mode, had major effects on the proportion of commuters
interested in having flextime or staggered work hours, and in
using express bus service. Theresults for work location and
time of travel are presented in Tables 3 and 4 respectively.
From 35 to 42 percent of commuters were interested in having
flextime or staggered work hours on their jobs. depending on
where they worked (p<0.05) and the time the usualy left

TABLE 1 AVERAGE MORNING DEPARTURE TIMES FOR SOLO DRIVERS AND

CARPOOLERS
Job-Site Location Solo Driver Carpooler
>2 Miles East of Downtown 7:23 6:57
< 2 Miles East of Downtown 7:12 6:48
Downtown Proper 6:52 6:39
< 2 MilesWest of Downtown 6:43 6:30
> 2 Miles West of Downtown 6:25 6:24




TABLE 2 PERCENT GF CAR COMMTERS PAYI NG FCR PARKINGAND AVERACGE
MONTHLY CGCsT

Location Per cent Mean SSEM
Downt own 51.7 $61. 09 + 1.45
Downt own+ 2 M| es 21.9 $41. 18 + 3.30
Vi ki ki 46.0 $47. 30 + 2.19
All Oher Sites 24.5 $25. 44 + 1.40
- Downtown * 2Mles = 2 Mles East or West of Downtown.

TABLE 3 PERCENT CF OCOMMUTERS LI KELY TO USE VAR QUS TSM STRATEG ES
BY JOB LOCATI ON

Wor k Locati on

East of In Vst of

TSM Strat egy Downt own Downt own Downt own

Fl ex- Ti me/ St aggered Hours 36. 2 39.1 41.2 *

Park & Ride for Express Bus 23.3 29.0 21. 0*
Park & Ride for Carpooling 16.1 15.3 16. 6
Non- Fani |y Car pool i ng 15.6 15.5 17.0

-Significant difference between categories

TABLE 4 PERCENT OF COMMUTERS LI KELY TO USE VARI QUS TSM STRATEG ES
BY TIME OF TRAVEL

Tine of Travel

Bef ore Duri ng After

TSt Strategy Peak Peak Peak
FI ex- Ti ne/ St aggered Hours 39.1 42. 1 34. 7*
Park & Ride for Express bus 26. 2 25.1 19. 7*
Park & Ride for Carpooling 16. 3 16. 4 12.9
Non-fam |y Carpooling 17.6 17.1 11.0*

- Significant difference across categories.
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for work (p < 0.01). Somewhat more car commuters (41.0
percent) than bus riders (32.3 percent) were interested in
aternative work schedules, and solo driven (40.4 percent)
showed dightly higher interest then carpoolers (37.2 percent),
but these differences are not statistically significant.

Both commuters' time of travel (p < 0.005) and their work
location (p < 0.001) had statistically Sgnificant effects on the
likelihood of using park-and-ride facilities for express bus
service, with downtown commuters and those traveling before
or during the peak hour showing the greatest interest. This
level of interest was attributable, in part, to thosewho were
already bus riders (mainly downtown bus riders), 40.1 percent
of whom said they were likely to use the facilities(p < 0.005)
compared to 24.6 percent of solo drivers and 25.7 percent of
carpoolers. Yet, even among car commuters (p <0.001),
those who worked downtown showed more interest (28.3
percent) than those working esawhere (21.9 percent).

Lack of interest in using park-and-ridelots for carpooling
was virtually universal, reflecting commuters  general resis-
tance to carpooling with peoplefrom outside the family. Post-
peak commuters showed significantly less interest than other
commuters (p < 0.05) in park-and-ride lots. Nevertheless,
car commuters recognized the potential time savings of high-
occupancy-vehicle (HOV) lanes, and respondents in carpools
with four or more people rated the value of HOV lanes quite
highly.

Alternative Trangt

The major purpose of this study was to determine potential
demand for alternate modes of transportation that differ in
sarvice characterigtics from normal bus service. Based on pre-
vious research (1,4,8), the two service characteristics of inter-
est were a guaranteed seat and the distance of pickup and
drop-off points from a commuter's points of origin and des-
tination (refered to hereafter as access).  The survey asked
peopleto rate their likelihood of usng alternative public tran-
Sit or paratransit service, based on access, whether or not they
were guaranteed a seat, and three hypothetical fares.

Time of travel, work location, and mode had significant
but sometimes margina effects on interest in using aterngtive
transit or paratransit services. Overall, prepeak commuters
were most likely to favor using such service (p < 0.01). Dif-
ferencesin interest between commuterstraveling during and
after peak were not statistically significant. No differences
were found between downtown workers and those working
west of downtown, and both of these groups were significantly
more likely to use paratransit than people working east of
downtown (p < 0.05).

Solo drivers and carpoolers appeared to be equally likely
to use paratransit under all conditions posed. The primary
effect of mode was for bus riders, who revealed an interaction
between mode and fare and service characterigtics The per-
cent of bus riders interested in paratransit exceeded that of
automobile commutersonly at aone-way fare of $1.00. Some
52 to 67 percent of bus riders werelikely to use such service
for a$L.00 fareif they were guaranteed a seet and accesswas
comparable to current conditions. Potential ridership among
bus commuters would increase to 74 percent if door-to-door
service were offered at a $1.00 fare.

7

At aone-way fare of $2.00, interest among bus riders dropped
to 20 to 29 percent even with a guaranteed seat (depending
0N access).

A $2.00 fare would be substantially more than the prevailing
cost of commuting by bus for commuters who purchased a
$15 monthly bus pass, which allows unlimited travel onOahu's
bus system. Pass holders were estimated to make an average
of 2.9 daily weekday trips, so a$2.00 one-way fare would be
more than seven times the current average trip cost of bus
commuters, almost al of whom used monthly passes.

Although these findings, like those of other researchers (2),
indicate that work site affects mode choice, this could reflect
the importance of existing service conditions and may oot
apply to transit having different service characteristics. Other
variables, such as commute distance, might exert greater influ-
ence if geographica biases, such as centering savice around
downtown commuters, were eliminated. Because commute
distance can exert a significant influence on transit ridership
(2). independent of work location, analysis of covariance was
ussd to partition out or Satisticaly remove the variance attrib-
utable to commute distance. Buscommuters were excluded
from these and subseguent analyses because of their small
number.

This exercise substantially reduced the effects of time of
travel and work location on commuters' professed likelihood
of usng dternative transit. Commute distance significantly
(p < 0.002) dfected potentia trangt ridership of both car-
poolers and solo driversin a postive but nonlinear fashion
The percentage of automobile commuters (no reliable differ-
ences between solo driversand carpoolers werefound) likely
to use paratransit was lowest (13 to 14 percent) among those
traveling lessthan 5 miles each way to work. Interest jumped
to 20 percent with commutes longer than 5 mi but increased
only another 2 percent between 5 and 20 mi. At commute
distances of more than 20 mi each way, interest in paratransit
rose sharply again.

The effects of service characteristics and fare were more
profound (p < 0.001 for each factor). Regardless of commute

distance, a guaranteed seat increased potential ridership by
roughly 7 percent, but each 5-min increase in access time
(beyond door-to-door service) decreased progpective rider-
ship 5to 6 percent on average. Fare had the most powerful
influence on commuters likelihood of using paratransit, in
that each $1.00 increase in fare produced a 12 to 13 percent
decreasein potentid ridership, dl other thingsbeing equdl.
Significant two-factor and three-factor interactions among ser-
vice variables and fare were found, however, implying that the
effects of other thingsare neither equal nor inconsequentia

Variouscombinationsof digance, savicefactors and fare
can produce extremey high or extremely low ridership, as
seen in Table 5. For simplicity, Table 5 shows only three of
the five commute distances used in these analyses because
sooreswere relatively stable for commutes between 6 and 20
mi long (includes groups 6-10, H-15, and 16-20 mi). Sig-
nificance levels are not noted in the table because al main
effectsare sgnificant.

The ubk reveds that wade-offs among service character-
idicsand farean yield smilar levdsof ridership at different
commute distances. Increases in service can compensate for
losses in ridership that would occur with increases in fare. For
example, at commute distances longer than 20 mi, 32.9 per-
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TABLE 5 PERCENT OF AUTOMOBI LE COMMUTERS LIKELY TO USE
PARATRANSI T ON THE BASIS OF SERVICE CHARACTER STICS FARE, AND
COMMUTE DI STANCE

¢mute One-Way Fare
Dstance _Seating  Access $1.00 $2.00 _$3 00
Door / Door 33.2 18.3 8.4
<5 Seat 5 M nutes 27.2 14.0 7.3
10 M nutes 8.9 10.9 4.8
Door / Door 24.6 13.0 5.0
<5 No Seat 5 M nutes 20.5 10.5 4.7
10 M nutes 13.3 7.8 4.3
Door / Door 47.8 27.7 13.3
11-15 Seat 5 Mnutes 41.1 22.0 9.3
10 M nutes 30.8 15.7 6.4
Door / Door 36.0 19.6 8.9
11-15 No Seat 5 Mnutes 30.1 14. 8 5.8
10 M nutes 21.2 10.1 4.4
Door / Door 50.0 33.3  20.3
> 28 Seat 5 M nutes 44.3 29.0 16.3
10 M nutes 32.9 20,9 13.1
Door / Door 39.7 25.9 14.3
> 20 No Seat 5 Mnutes 34.8 21.5 11.1
10 M nutes 24.5 14.0 7.7
* in Miles
* Seat = CQuaranteed Seat; No Seat = No Cuarantee of Seat

cent of automobile commuters were willing so walk 10 min
to board paratransit at a $1.00 fare, if they were guaranteed
aseat. A Smilar percentege (34.8 percent) were willing to
walk only 5 min. at the same fare if they were not guaranteed
a seat. At a $2.00 fare, both door-to-door service and a guar-
anteed seat would he required to atract roughly the same
proportion (33.3 percent) of people commuting more than 20
mi. A comparable level of demand (33.2 percent) among
people commuting less than 5 mi is achieved only with
door-to-door service, a guaranteed seat, and a $1.00 fare.
Although commute time is related to commute distance
the correlation between the two was rdaively low (r =0.29)
and the shared variance between these two factors varied from
3.6 to 13.6 percent, depending on mode. Because the time a
commute takes to complete dso encompasses some of the
effects of the time of travel relative to the peak hour and
mode, it would seem to be a potentially important variable

affecting thelikelihood of using dternative trangt. Commute
time produced a pattern of interest in paratransit quite similar
to that found for commute distance: (8) low interest among
those with commute times faster than 20 min, (b) a steep rise
ininterest among people whose commuting time was between
20 min. and 30 to 40 min, (c) agradual increase in interest up
to 40 to 50 min, and (d) a second sharp increase among those
commuting longer than 50 min. In part, the similar pattern
of results produced by commute time and commute distance
may reflect the correlation between them. Although, as noted,
the correlation was not high.

The relationships betweenm commute tune and the other
variablestested (face. access, and seating) adso mirror those
found for commute distance, and significant main effects of
al vaiables and interactions among al variables were found.
Despite these commonalities interest in paratransit was greater
at the highest levels of commute time than it was for commute
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distance, suggesting that travel time is more important than
distance alonein attracting ridership. A more important dif-
ference between time and distance effects is that commute

time has a significant interaction with seatingthat commute
distance does not. Commute time is particularly sensitive
to the value of a seat, and the value of a guaranteed seat

increases systematically with commute time. Table 6 reveals

how trade-offs among fare and service characteristics result

in comparable levels of ridership at different commute times.

CONCLUSIONS

The results of the survey indicate alow rate of vehicle occu-
pancy among commuters from the far eastern suburbs of Oahu.
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The vast mgjority of the people surveyed commuted by car,
and the great bulk of these drove aone. Given these data,
any efforts to increase vehicle occupancy seem worthwhile.

Only a small percentage of commuters were willing to car-
pool with people outside their own families, however (47).
The existence of a parking facility that provides a central
meeting place for carpoolers appears to offer virtually no
incentive to carpool. Solo drivers were not interested in using
these facilities, nor were current carpoolers, most of whom
commute with family members. Even though people see the
advantage of HOV lanes, the existing HOV/contraflow lane
in Honolulu coversonly a short distance (9). Apparently
for most people, the time savings these lanes provide are
outweighed by the burden of commuting with nonfamily
memkn.

TABLE 6 PERCENT OF AUTOMOBI LE COVMUTERS LIKELY TO USE
PARATRANSI T ON THE BASI S OF SERVI CE CHARACTERI STICS, FARE. AND

COWUTE TI ME
Commut e . One-Vay Fare
UL Seating* __Access _____ $1.00 $2.00_ $3.00
Door / Door 25.5 17.0 12.1
< 20 Seat 5 Mnutes 21.0 14.2 9.1
10 M nutes 17. 4 11.0 6.9
Door / Door 21. 4 13.7 8.3
< 29 No Seat 5 Mnutes 18. 7 11.4 5.2
10 M nutes 12.8 7.9 3.9
Door / Door 49.0 29.7 14.2
30- 40 Seat 5 Mnutes 41.9 23.1 11.6
10 Mnutes 31.1 17.0 8.0
Door / Door 37.9 10. 4 9.4
30-40 No Seat 5 Mnutes 31.4 15.5 6.5
10 M nutes 22.6 10.9 4.9
Door / Door 49.7 31.6 17.6
> 50 Seat 5 Mnutes 43.1 26.2 13.4
10 M nutes 34.5 2.6 11.4
Door / Door 38.1 22.8 12.4
> 50 No Seat 5 Mnutes 32.3 18.9 8.8
10 M nutes 94.0 13.2 6.7
e in Mnutes
= Seat = Cuaranteed Seat; No Seat = No Guarantee O Seat.
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Although interest in flextime or staggered working hours
was high among various categories of commuters, morning
departure times are distributed so widely already that any
rigid ingtitutional regimen of staggered hoursis likely to cause
considerable conflict with the usud travel arrangements of
many commuters, as was found during the staggered working
hours demonstration project with municipal, state. and other
employees working in downtown Honolulu (10). Any such
approach must betruly flexible, allowing commutersto adjust
their departure times as they seefit.

Mode of travel had a sgnificant effect on departuretimes,
and departure times (presumably reflecting work schedules,
with adjustments for other external influences) had significant
effects oninterest in using different modes of travel. Acting
concurrently with these influences, and presumably interact-
ing with them to some degree, work location with respect to
downtown aso affected departure time, mode choice, and the
Likelihood of using available and potentia transportation
alternatives. These relationships probably reflect the fact that
work location itself is related to a number of factors, including
parking costs, commutedistance, traffic congestion, and job
density, that themselves provide incentives and disincentives
for using various modes and that may limit potential carpool
mates (2); Offered atransit dternative free of existing oper-
ating conditions and constraints such as transit’s focus on
downtown travelers, commuter interest was strongly influ-
enced by basic factors such as commute time, service, and

fare. Correspondingly, the effects of mode, time of travel
(with respect to the peak) and work location appear to have
less influence on interest in transit.

Potential ridership appears to grow with increasesin com-
mutetimeand distance. Theinfluence of commutetimein
determining potential ridership would seem to be particularly
important for providers of paratrangt services becauseit implies
that interest in transit that offers improved leves of service
will rise astraffic congestion worsens. Improved service char-
acteristics, such as guaranteed seating, significantly enhance
ridership (4, 7). Guaranteed seating augmented potential
ridership at all access times and could compensatefor increased
access times, a least up to 5 min. Beyond this distance, the
time spent walking to pickup and drop-off points partialy
outweighed the value of a seat, but this trade-off depended
upon commute time. For commuters traveling more than 50
min. for example, walking 10 min to boarding points to get
a guaranteed seat was valued about as highly as having door-
to-door service without guaranteed seating.

Of course, fare had a mgjor effect on the likelihood that
the commutersin thissamplewould use peratrangt. All things
being equal, potential ridership was affected more by fare
than it was by either service variable studied, athough this
finding may not hold generaly (1). Tables5 and 6 make
apparent the ahility of the combined, positive effects of door-
to-door service and guaranteed seating to overcomethe neg-
ative effects of fareon potentia ridership. Furthermore, the
combined efforts of these service variables become more marked
as commute time incresses

Can the type of service needed to attract aternative transit
or paratransit ridership be profitable? Themarket appears to
be strong enough to support a profit-making enterprise that
can avoid the limitations and pitfalls of traditiona transit
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operations (11-13). Existing computer technology seems to
offer the solution to providing such serviceat low cost.

The innovative but inefficient dial-a-ride concept. which
was first introduced in the 1906s (14, 15) should be combined
with current computer technology to provide a real-time.
demand-response transit aternative (M-28). A computer
network, enabling communication between consumer and
transit operators through a centralized system, could improve
sarvice at low cost. This network could not only offer imme-
diate access to information about alternative transportation
services but also would enable users to book aride for any
time, at any time, from the services available, on a trip-by-
trip basis. Fares could be billed monthly by the canrd
computer, saving on accounting costs (16, 17)

Access tothe system need not be limited to consumers and
operators of present day alternativetrandit or paratransit sys-
tems. Because the network would connect homesto a central
computer, people seeking a ride could match their travel plans
with those of people offering a ride. by posting appropriate
information on an electronic bulletin board. This system would
permit single-trip carpooling in its most convenient form--
dynamic rideshering without the time and information costs
or personal commitment that often deter people from joining
permanent carpoals (5,19, 20).

State and municipal governments should take measures to
encourage varied forms of paratransit and make efforts to
integrate information and transportation sarvices
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APPENDI X B
AUDI OTEX SYSTEMS

In this report, the termaudiotex wll be used to define any
Interactive conputer system that uses touch-tone telephones as the
primary input or output device. For those not famliar with this
technology, it may be useful to review how a general - purpose
audi ot ex system works and how a voice-response transit schedul e
I nformation system works before reading the description of CST.
The Sacranento Bee in California is one of over 30 newspapers in
the U S. that offers a variety of information services to the
public via audiotex. The information below and on the fol | ow ng
page is from a newspaper advertisenment for BEELINE

FI GURE 1

Work. School. Kids. Home. Shopping.
Recreation. It'sall part of your busy lifestyle.
That’swhy BeeLine ishere, 24 hours a day.
We'll giveyou instant infor mation when you
have just a few minutes.

~ And, Beeline services arefree. Just by
dialing 552-5252, BeelL ine deliver sthe latest
news, weather, sports, business and

entertainment updates. It's that simple.
Haveyou tried Beeline yet?

Your Free 24-Hour Information Service

LINE
552-5252
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BEELINE DIRECTORY
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Figure 4-2 provides a directory of BEELINE infornation services.

Readers are encouraged to try this service fromboth a touch-tone
t el ephone and froma rotary-dial phone to get practical experience
on a general information audiotex system ~ Those who are calling
| ong distance nust dial area code (916) before they dial 552-5252.

When the BEELINE conmputer asks for a four-digit information
cat%?ory code, for exanple, enter "2030" for Caltran's Hi ghway and
Road Conditions or "1242" for National Lottery Results.  Durin

this audiotex trial, readers should also try to find the price o

| BM stock via BEELINE's Stock Quote Hotline to see how difficult it
Is to enter alphabetic information via a touch-tone telephone
keyboard.

A touch-tone tel ephone user nmust nmake two keystrokes for each
aIFhabetlc character. The first digit indicates that number of the
button on the touch-tone keyboard where the letter is |ocated, and
the second digit indicates whether the letter is the first, second
or third of the three letters on that button. For exanple, the
letters "GHI" are on button nunber "4". Therefore, Gis
represented by "41", His represented by "42" and | is represented
by "43". The letters "Q or "Z", which do not appear on touch-
tone tel ephone keyboards are represented by "01" and "03",
respectively.

Those who tried to use BEELINE froma rotary-dial telephone (or who
told the BEELINE conputer that their touch-tone tel ephone was a
rotary dial phone) found that they had a nore limted nenu of
I nformation services. These services can only be accessed by,
sa |nﬁ "YES' when asked if they wanted a specific service. e
BEELI NE conmputer systemtreats al most any sound that the user makes
during a short'interval after a YES/NO question as a "YES', and the
absence of a sound as a "NO'.  This binary approach means t hat
four-part multiple-choice questions nust be restated as a series of
YES/ NO questions and that the entry of al phabetic information would
be extrenmely slow and inpractical froma rotary dial phone.
However, this may change in the future with the addition of voice
recognition subsystens that can identify the ten digits, the 26
letters of the alphabet and some commonly used words. A nunber of
conpani es have already denonstrated good voice recognition
Fapabllltles when using quality phones and quality communications
| nes.

Tri-Met, the public transit system operator in Portland (Oe ong,
has inplenented audiotex systens for its light rail ((503) 22-
TRAIN ) and its bus ((503) 231-3199) services. Bot h of these
audi ot ex-services provide callers with access to transit schedule
information. Callers may wish to use a touch-tone phone to find
the departure tine of the next MAX (i.e. light rail) train between

" The author disclaims any responsibility for this difficult to
forgivel/forget pun.
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G esham and Ll oyd Center. Geshamis the last and nost easterly
stop on the MAX light rail transit (LRT) line and Lloyd Center is
a large shopping center in the northeast part of the city,

Readers are also encouraged to use or sinulate the use of a rotar
di al phone to find the departure tinme of the next bus on Route 5
(Scholls Ferry Road) from Washington Square, a |arge shopping
center in the southwest part of the C|té, to the Portland Mal
downtown. The first part of the "Call-A-Bus" information service
wll ask you to redial (503) 231-3256, where the |ast two digits
"56" are the route nunber. Callers may also see how the voice
response feature operates by saying "SUNDAY" or sonething el se when
the conputer asks you to say "SATURDAY". Tri-Met's "Call-A-Bus"
information system'was designed to appear conversational, but in
reality it too only detects the presence or absence of a sound, not
a specific word, during a small time interval after the "beep" to
lead the caller through the telephone-based bus schedul e
information system

Readers who have accessed either the Sacramento Bee's BEELINE, one
of Tri-Met's transit schedule information systems, or another
audi otex systemw || understand that obtaining. information for
audi ot ex systems can be very time consuming. To find the schedul ed
time of departure of the first bus after 9 A°M on a weekday on
Route 56 between Washi ngton Square and downtown Portland, for
example, requires entering the followng ten items with a touch-
tone tel ephone keyboard:

1. Cbn?uter says: "Route 56-Scholl's Ferry Road Line. Press
1if you aré calling froma touch tone phone; wait if you
are calling froma rotary dial phone". (Pressed " 17)

2. "Press 3 if you are heading to downtown Portland or 9 if
X%H are heading away from downtown Portland." (Pressed

3. "Press the following for the schedul e information
desired; 1 for weekdays, ! for Saturdays, 3 for Sundays
and holidays. For travel tines or Route 56 press 9."
(Pressed "1")

4.  "For wheelchair accessible trips, press 1, -otherw se
press 2." (Pressed "2")

5. "For destinations beyond Burnside and 6th press 1,
othewi se press 2.” (Pressed "2")

6. "Press 1 if your ori%}n bus stop is between Washi ngton
Square and Beaverton-H |lsdale H ghway. Press 2 if it is
bet ween Sunset and Capital Hghway and Front and
Harrison, etc." (Pressed "1")



1. "Press 1 if ¥our origin bus stop is Washington Square."”

(Pressed "1"
R T R R
9. "Press 1 for AM Press 2 for PM" (Pressed "1")
10. “"Departure tines are 10:20; 10:50; 11:20. Press "1" to

repeat departure tinmes." (Pressed "1")

To speed up the inquiry process, some audiotex systens have added
"nnPa2|ne" features for special subscribers. After a subscriber
call's "a special telephone nunber, the audiotex system asks the
subscriber to enter his or her account number and password. |If
this is done correctly, the audiotex system presents the answers to
a set of the subscriber's prerecorded inquiries, such as: (a) Wat
was the score of the nost recent Sacranento King's game? (b) Wat
was the last price of the conmon stock of Hew ett-Packard, | NTEL
and 1B (c) What is the weather forecast for today? (d) Wat is
the-latest traffic congestion report on [-5? . . . .”. wthout any
additional input by the caller.

The subscriber can add, nodify or delete inquiries in his or her
magazine at any tine. The use of prerecorded inquiries greatly
sinplifies the use of audiotex systems for frequent users,. he use
of a password or personal identification number (PIN), provides
I nproved security features for sensitive information or business
transactions (e.g. to request checking account, savings account,
credit and frequent flyer balances or to make airline, hotel or
restaurant reservatlons%, particularly when conbined with Automatic
(tel ephone) Number ldentification (AN) and ot her security
procedures.

The ability to pre-store commonly used codes, requests for
information, etc. in nodern audiotex/voice response systems and the
W de spread availability of touch tone phones makes this technol ogy
a powerful tool for CST and other Advanced Travel er Information
Systens (ATlS).
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APPENDI X ¢
VI DEOTEX SYSTEMS

Videotex is the termused to describe a variety of easy-to-use
two-way consumer information systens. Users in hones, offices and
shops can call information from a variety of renote conputers and
display 1t_on video screen using a_  |owcost, mcroconputer
termnal. The information can be transmtted between the videotex
termnals and the renote conputes by tel ephone |ine, TV cable or
{adip I;nks. The following Is a typical French "Mntel" videotex
ermnal :

A new and unique communications nedium videotex has trenmuwus
potential in both the residential and business markets. |ncluded
In its many services are electronic banking, teleshopping,
advertising, = conmputer-based education, interpérsonal nessages,
entertainment features and specialized information retrieval --
services that have a w de appeal to consuners interested in
efficient, time-saving methods of comunications. ~ Videot ex
termnpals cannot only deliver and receive textual materials, they
can also display graphics with a broad range of color capabilities.
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Meetings Summary

Caltrans District: 3 Nanme: MARYSVILLE

Key findings:

The traffic congt;estion probl ens of the Sacramento'area
are less severe than those of San Diego, Los Angeles and
San Francisco. Roseville, however, |ooks |ike a good
ATl S/ parataXi test Site. It was suggested by | ocal
Cal trans prsonnel. '

Meetings with the followng Caltrans 'personnel:

Brian Snmith, Deputy District Director, Planning and
Public Transportation .

George Smith, Chief, New Transit Technology

Jeffrey Pulverman, Chief, Caltrans Sacranento Rideshare -
Sacranento Rideshare Staff

Meetings with the follow ng |ocal governnment/transportation
personnel :

Barbara Lindsey, Executive Director, South Placer County

TMA
Paul WIlians, Manager Commute Systens, PacBell
Patricia Mkhtarian - U C. Davis

Meetings with the following conputerjtelecommunications
per sonnel :

Frank Dorf - the Sacramento Bee (audiotex services) _
Brent Vance - PacBell Account nager for Caltrans in
Sacramento _ _

Keith Epstein, Jeff Richards, External Affairs, PacBell

Addi ti onal coments:

Aegi s conducted several slide presentations in the
district. A so had telephone conversations and neetings
with users of Brite Voice Systens; Inc. audiotex systens
(i.e. the type used in BeeLine) to determne its
strengt hs and weaknesses for ATl S/ parataxi applications.



Meetings Sunmary

Caltrans District: 4 Name: _SAN _FRANCI SCO

Key findings:

There appears to be a strong interest in testing out the
ATI S/ parataxi concept in the San Francisco Bay Area. The
Tri-Valley Area in the East Bay appears to be an
excellent test site. It was recommended by | ocal
Cal trans personnel.

Meetings with the follow ng Caltrans personnel:

George Gey, Deputy District Director
Wade G een, Engineer _
Bruce Couchman, Transportation Pl anner

Meetings with the followng |ocal government/transportation
personnel :

\(]jghn Eells, Transportation Planning Coordinator, Mirin
unt

John yDi_II_on, Transportation Manager, Gty of San Ranon
Gail Glpin, Transportation Manager, City of Pleasanton
Jeff Lindley, FHWA, San Francisco Ofice

Mal | ory Nestor, Manager Accessible Services, Central
Contra Costa Transit Authority

Meetings with the follow ng conputer/tel ecommunications
personnel :

Keith Epstein, Jeff Ricards, External Affairs, PacBell

Vlter Flemng, Rich Artusy, US West, Public Safety G oup

Wltl | ar)rs Bi ng, Gaene Kinsey, VOTAN (voice response
syst ens

Bénk(:ogdron, Ellie McGovern, Jerry Cushman, Hew ett
ackar

Stephen Vol lenberg, President, Traffic Info NOW

Ernest J. Conway, Pulse Com Partners

Addi tional comments:

At the request of Caltrans, project personnel net wth
several representatives of the Lawence Livernore
Radiator  Laboratory to discuss their possible
Eartl cipation in an All Sparataxi denonstration project.
Bot h Pl easanton and San Ranon were extremely interested
in participating in an ATl S parataxi denonstration
project. Their traffic mtigation ordinances need
addi tional help; AVO rates are increasing.
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Meetings Summary

Caltrans District: 7 Nane : LOS ANGELES
Key findings:

There appeared to be a Strong interest in testing out the
ATl S/ parataxi concept In the L.A area. UCLA/ Wstwood
and Sim Valley were strongly recommended a potential
test sites.

Meetings with the follow ng Caltrans personnel:

David Roper, Deputy District Director, Operations

Lew Bedol | a, puty District Director. (Planning and
Public Transportation ,

Joseph Glly, Senior Transportation Planner

Kat hy Gerwig, CTS/ Comuter Conput er

Robert Kohl, EDP Manager, CTS/Comuter Conputer

Meetings with the follow ng | ocal government/transportation
personnel :

- Janes MlLaughlin, Acting Chief of Transit Programs, Gty
of Los Angeles . _ _

- Al'an Bowsér, Principal TDM Southern California ASSh. of
Governments ( SCAG)

- R chard DeRock, Project "Manager San Fernando/ North County
Area Los Angel es County Transportationcomm ssion {LACTC)

Shahrzad Amri, Project Manager, Wstside Area, LACTC

I\élalc_hfael Appleby and Steve Mazor, Auto C ub of Southern

ifornia

Donal d Canph, Executive Director, El Segundo TMA

Judi th Norman, Transportation Prograns Manager SCAQVD

Charles Coffee, Executive Director, Sim Valley TMA

Martin Véachs (Professor), Mark Stocki (Director  Business

LaJL(réltilA)Transportat|on Services); Jack Schwab (EDP Systens

Meetings with the followi ng conputer/telecomunications
personnel :

- Ken Phillips, Director, Information Systenms Departnent
Cty of Santa Monica _ _
Ronal d Emerling, President, VoCal Tel econmuni cations
voi ce response systens designer/devel oper

Addi tional comments:

Behnke and Snyder conducted eight slide briefings in the
district. There appears to be a grow ng recognition that
Los Angeles will not be able to meet Regul ation XV goals
wi t hout” new technol ogi es.



Meet i ngs  Sunmary

Caltrans District: 11 Nane: SAN DI EGO

Key findings:

The North Gty TMA recommended by |ocal Caltrans personnel
woul d be an éxcellent test site. It is a fast grow ng

suburban business center wth yer limted ublic
transportation services and rapidly d/rovw ng. congestion
probl ens.

Meetings with the followi ng Caltrans personnel:

Carl R_West - Deputy District Drector, Planning and
Public Transportation _

Manuel Dimtre - Program Director, Caltrans Conmuter
Conput er

Commut er Conputer staff

Meetings with the follow ng |ocal governnent/transportation
personnel :

Timthy  Price, . Senior Transportation Pl anner,
Metropolitan Transit Devel opment Board (MIDB _
CGeorge Franck, Senior Transportation Planner, San D ego
Assn. of Governnents SanDAG% _ _ _
Bob Gogain, Manager Public Information, Air Pollution
Control” District {APCD) . _ _

Ann Cool ey Darh, Executive Director, North Gty TMA
Board nenbers and staff of North City TMA

Meetings wth the follow ng conputer/telecomunications
personnel :

Loui se Courtier, Enerson and Stern Associates
New Voi ce recognition technol o[%l es _
Paul Bouchard (President) and Donald Mirphy (D rector of
Busi ness Devel opnent) - IVHS Technol ogi es ‘I nc.

Addi tional comments:

Aegi s conducted several slide briefings in the area.

There appears to be a strong interest in |owcost TDM
appr.oaches since the San Diego Area has the fastest
%rgv%\ng traffic congestion index (i.e. problem in the



Meetings Sunmary

Caltrans District: 12 Name: ORANGE COUNTY

—

2. Key findings:

This area does not seemto have the sense of urgency or
the willingness to test new concepts found in either San
Di ego or Los Angeles. Local Caltrans personnel suggested
Irvine as a test site.

w

Meetings with the follow ng Caltrans personnel:

Dal e Ratzlaff, Deputy District Director, Planning and
Public Transportation

Joe Hecker, ef, Traffic Managenent Branch _
Dorothy = Uzehara, Chief, ublic  Transportation,
Ri desharing and Anal yses Branch

4, Meetings with the follow ng |ocal government/transportation
personnel :

Douglas  Reilly, Executive Director, Strategic
Transportation , , _ _

/I-\m Amerani, Senior Engineer, Transit Planning, City of
rvine

Kenneth Takeda, Manager, Commuter Network, Orange County
Transit_ District_(OCTD) _ _

Ral ph Shafer, Transportation Manager, Leisure Wrld,
Laguna Hills

Orange County TMA managers

5. Meetings wth the following conputer/telecomunications
per sonnel :

- Aiver Thurman I, President, Qobal Engineering

6. Additional comrents:

Aegi s conducted several slide presentations in the
district. USDOT/UMTA aut horized several mllion dollars
to evaluate concepts that could inprove the mobility of
the disabled. A proposal was submtted to study the
applicability of ATIS parataxi conﬁepts in the Leisure
World senior” citizen commnlt%. The proposal made the
first cut _but not the second by Washington D.C. - based
Project ACTION,
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